Google 



This is a digital copy of a book that was preserved for generations on library shelves before it was carefully scanned by Google as part of a project 

to make the world's books discoverable online. 

It has survived long enough for the copyright to expire and the book to enter the public domain. A public domain book is one that was never subject 

to copyright or whose legal copyright term has expired. Whether a book is in the public domain may vary country to country. Public domain books 

are our gateways to the past, representing a wealth of history, culture and knowledge that's often difficult to discover. 

Marks, notations and other maiginalia present in the original volume will appear in this file - a reminder of this book's long journey from the 

publisher to a library and finally to you. 

Usage guidelines 

Google is proud to partner with libraries to digitize public domain materials and make them widely accessible. Public domain books belong to the 
public and we are merely their custodians. Nevertheless, this work is expensive, so in order to keep providing tliis resource, we liave taken steps to 
prevent abuse by commercial parties, including placing technical restrictions on automated querying. 
We also ask that you: 

+ Make non-commercial use of the files We designed Google Book Search for use by individuals, and we request that you use these files for 
personal, non-commercial purposes. 

+ Refrain fivm automated querying Do not send automated queries of any sort to Google's system: If you are conducting research on machine 
translation, optical character recognition or other areas where access to a large amount of text is helpful, please contact us. We encourage the 
use of public domain materials for these purposes and may be able to help. 

+ Maintain attributionTht GoogXt "watermark" you see on each file is essential for in forming people about this project and helping them find 
additional materials through Google Book Search. Please do not remove it. 

+ Keep it legal Whatever your use, remember that you are responsible for ensuring that what you are doing is legal. Do not assume that just 
because we believe a book is in the public domain for users in the United States, that the work is also in the public domain for users in other 
countries. Whether a book is still in copyright varies from country to country, and we can't offer guidance on whether any specific use of 
any specific book is allowed. Please do not assume that a book's appearance in Google Book Search means it can be used in any manner 
anywhere in the world. Copyright infringement liabili^ can be quite severe. 

About Google Book Search 

Google's mission is to organize the world's information and to make it universally accessible and useful. Google Book Search helps readers 
discover the world's books while helping authors and publishers reach new audiences. You can search through the full text of this book on the web 

at |http: //books .google .com/I 



#'- 



-v^ 



•ffi: 



g^ jjandsco, CM- 



MEDICAL CHEMISTRY. 



PEOF. E. H. BAKTLEY. 



JUST PUBLISHED. 

Yeo's Manual of Physiology 



A Manual of Physiology for Students and Physicians. 

By GERALD F. YEO, M.D., F.R.C.S., 
Professor of Physiology in King's College ^ London. 

WITH OVER 300 CAREFULLY PRINTED ILLUSTRATIONS 

AND A GLOSSARY. 

SMALL OCTAVO. 750 PAGES. CLOTH, $4.00 ; LEATHER, $5.00. 



" The work will take a high rank among the smaller text-books of Physi- 
ology." — Prof. H. P. Bowttitch, Harrard Medical School. 

*' The brief examination I have given it was so favorable that I placed it 
in the list of text-books recommended in the circular of the University 
Medical College." — Prqf. Lewis A. Stimpson^ M.D., 37 East 37th street, 
New York. 

** After a careful examination of this manual of Physiology, I can truth- 
fully say that it is a most valuable addition to the list of text-books upon 
this subject. That it should and will receive a welcome from both students 
and teachers thefe can be no doubt ; for, in addition to the familiar but well 
presented facts of most text-books, it contains all the more important facts 
of physiological science which have been established in the last few years. 
The author presents his subject in a manner that is clear, concise and logical. 
Each section has had a careful revision, and reveals the author's familiarity 
with the scope and tendencies of modem physiology." — A. P. Brubaker, 
M.D., Demonstrator of Physiology in Jefferson Medical College, Phila- 
delphia. 

P. BLAKISTON, SON & CO., Philadelphia. 



1 1 IIIB ^1 


«- 




k.i 


! 1 


1 


s — 








= 


11 L 






* — 












1= i 


1 J is._ 


JJ 


«- 












■ 


li 


Ul. 


■ 


J 


'- 








Kill 


I — 








■. 


-g — 


g- 


1^^--— 1 


■- 






"l" 




f 


■ 


■^ 1 




^M 1 


Is 


1 


— 


■t^^ 


i 


W 




s ' 


, 


■T 




^ 




■ 


.■ 


J 


<* — 




■ 


- 


p^ 






-- = 


-^ 




D 


J J 


i ; , . """, : 


"=^ 




'^ 


BDDDI 


aDQBBBeHE 


mm 


^ 












t 












-g ^ 












s 








5 




%i 


1 


- 


1 


u 




.s 


_ 


g 






i 






■L 3 

I'll 




i 


.h 


_ 3 


lifi 




■a ^ 


1 1 


1 H 


f^ 


« H 


„? 


U 


sit 


'= = s 


= |i| i ^ 


+ 




-al 


1 


< £ 




1 


i!e 


III 


fit-- 

O a; O a 


3 S 


2 I 

5 ^ 






A TEXT-BOOK 



MEDICAL CHEMISTRY. 







• 



• • 



* 

• * 

* * 
• •• 

% 



* • 









**« * 



• •• • 



t\>ir\iM«^ t$*\ ^^ r MJIKIS^IV^N, 50S A a> 






PREFACE. 



This book is designed especially as a text-book for medical 
students during their attendance upon lectures. It is belieVed, 
however, that it will be found of use to the physician, as a book 
of ready reference. It is the result of the author's experience 
as a teacher of Chemistry, during the past twelve years, and its 
plan, and much of the subject matter, are essentially that given 
by him in his lectures at the Long Island College Hospital, for 
the last six vears.' 

While there are numerous good text-books on Chemistry in 
the market, the medical student often complains that they are 
either too voluminous for his limited time, and contain a great 
deal of matter not directly bearing upon the science of medicine, 
or, on the other hand, are too brief to be of any service to him. 
It has been the aim, in preparing this book, to avoid these extremes 
and fill the gap now existing between them. 

The plan of the work required a careful selection from the 
mass of material at hand. The book is largely a compilation, 
and the author claims little originality in the subject matter it 
contains, but has used his own judgment in its selection and 
arrangement. 

From the large number of subjects treated, it has been neces- 
sary to be very brief in the descriptions of individual sub- 
stances, but all general principles, and the relations of the facts 
of the science to medicine have been more fully stated. Much 
pains has been taken to condense the matter as much as is 
consistent with clearness. 

In Part I are presented such fundamental facts in Chemical 
Physics, as seemed necessary for the proper understanding of the 
descriptive parts, and to explain the theory and use of thermom- 
eters, the spectroscope, medical batteries, e^tc. 

It has been found best, in the author's past experience, to 
present the elementary theories of Chemistry before entering 
upon the natural history of the elements and their compounds ; 
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and this has been done as clearly and concisely as possible in 
Part II, giving only what was considered necessary to the proper 
understanding of all the facts to be presented in the later parts. 
The subjects of Notation, Nomenclature and Chemical Reactions 
have been dwelt upon as of first importance to the student. 

In Part III, the natural history of the Elements and principal 
compounds are briefly presented, with their physiological and 
toxicological bearings. 

In Part IV, only those organic compounds are treated, with 
which the physician will be likely to meet. The space that could 
be given to this part necessitated very short descriptions. The 
appendix contains some tables and analyses which will greatly 
enhance its value as a reference book. 

The Chemistry of the tissues and secretions have been omitted, 
as belonging to the domain of physiological chemistry. It 
would be impossible to mention all the works upon which the 
author has drawn for his facts. 

Besides the credit given in the text, he wishes to acknowledge 
his indebtedness especially to Cooke's Chemical Philosophy, 
Barker's, Richter's, Witthaus', Fowne's and Rand's text-books ; 
De Watteville's and Jenkins' books on electricity ; Prescott's 
Proximate Organic Analysis; Wurtz' Diet de Chem. and 
Chemie Biologique; Charles' Physiolog. Chem.; Schorlem- 
mer's, Strieker's and Pinner's Organic Chemistry, and the 
XJ. S. Pharmacopoeia. I would here express my thanks to my 
friend and assistant. Dr. W. M. Hutchinson, for valuable assist- 
ance in preparing the work; also to Mr. W. H. Kent, Ph.D., 
for similar assistance. 

As this work is prepared especially fpr the medical student, 
it is to him thiat I shall trust for its reception, hoping that the 
labor I have bestowed upon it may help to lessen his. 

Brooklyn, N. Y., 
Sept 1st, 1885. 
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PART I. 

INTRODUCTION. 



1. DEFINITIONS.— Science is a aystematic and ( 
^arrangement of kaowledge. It is founded upon observatii 
expteriment. A theory is a deduction from established fact", 
and occupies a prominent place in science. A hypothesis is 
a supposition brought forward to explain facts or phenomena. 
Natural science treats of the external appearance and internal 
structure of natural objects. Examples; B.itany, boo logy, and 
mineralogy deal with the classification and structure of plants, 
animals and minerals respectively, and are, therefore, natural 
sciences. 

Physical science treats of the properties and phenomena 
of the matter of which these bodies are composed. Matter is 
anything whose existence is revealed to us by our senses. The 
properties of a body are the peculiar qualities by which it 
makes itself known to us ; as color, solidity, odor, taste, etc. 
Physics is that branch of physical science which treats of the 
pherioiBeua presented to us by bodies or masses of matter a 
such. 

Chemistry is that branch of physical science which treats of I 
the ultimate composition of bodies, and the changes which this ' 
composition may undergo. 

Phyaica teaches \xb that water is hot or cold ; that it may eiist aa steam, 
liquid water, or Bolid ice. Chemistry telii ua that it is compoaeil of two 
gaaeB called hydrogen and oxygen, in the proportion of two of the former 
to one of the latWr, by volume, and one of the former to eight of the latter, 
by weight. It also teaches us how we can prove this to he true. 

Matter exhibits certain properties which are common to all 
bodies, and which are hence called the general properties of 
matter; such as indestructibility, impenetrability, divisibility, 
mobilitv, gravitation, molecular attraction, chemism and inertia. 
Specific properties are such as are observed in certain bodies 
only; such as color, hardness, fluidity, transparency, etc. 
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*2. Matter is Indestructible. — What we generally term 
<l('Hl,ni{'tinii is iiKMH'ly ii change of form. When wood bums, it is 
only chniii^cd into invisible gases which go offintotbe air. These 
gjiHJ'H nniy he colh'ctXMl, and by analysis we may get back the ele- 
nirntH of \\\v wood again. Whatever changes we may produce 
in a hodv or niass of matter, we can neither create nor destroy 
ont^ |)arti(;l(^ of it; the same weight of matter remains after the 
(^lianp' an hrforc. 

:{. Mutter is Impenetrable. — That is, two portions of 
mutter cannot occnpy the same space at the same time. Strictly 
Hpcaking, tliin only applies to the ultimate particles of a body, 
in nnuiy phcnonK'na bodies do seem to penetrate eacb other. 
l'*or inntanrr, tiit^ volume of a mixture of sulphuric acid and 
wahr, or of airoliol and water, is less than the sum of the yolumes 
hcfon* (hey an^ niix(Ml. In these cases the penetration is only ap- 
pariMit. 'Y\n\ penetration of the water by the alcohol is due to 
the faet that water, like all other bodies, is porous; that is, it has 
Hpa<M'H or interntieeH between the ultimate particles of which the 
nuiMH is <!onipos(ul, whieh are unoccupied by matter, and into 
which the particles of alcohol crowd themselves. 

•1. Divisibility. Tliree divisions of matter are recognized, 
vi/: masses, molecules, and atoms. 

A mass or body is any distinct portion of matter appreciable 
to the senses. 

A molecule (a little mass) is the smallest particle of matter 
that can be obtained by subdividing a mass by mechanical or 
])hysical means. It may also be doiined as the smallest particle 
of matter that can exist in the free or uncombined state. A- 
molecule of chalk is the smallest i>articleof chalk that can exist. 
The molecules are too snuill to be seen by the aid of the most pow- 
erful microscope, nevertheless their size is approximately known.* 

An atom is the smallest j)article into which any given kind 
of matter can be divided. The atom is, as yet, a hypothetical 
body. It is one of the component parts of a molecule, and the 
smallest particle that can enter into the formation of a molecule. 

The atom is, therefore, supposed to be an indivisible solid body, 
with a definite and unchangeable weight, possessing a definite 
quantity of force of attraction for other atoms, which force is 
neutralized by the approach of the recjuisite number of atoms. 

Atoms, when left to themselves, will not, as a rule, remain 
uncombined, but collect together in groups by their attraction 

* See Art. 16. 
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for one another. A collection of atoms forms a molecule, aiid a 
collection of molecules forms a maas. 

5. Mobility. — All matter is in a state of cooBtant motion. 
The motion of masaes, or mechanical motion, is treated of in 
works on mechanics. The motions of molecules give rise to the 
phenomena grouped under the name of the so-calied Physical 
forces. Light, heat, electricity, and magnetism are dif- 
ferent manifestations of the motions of the molecules composing 
the body which exhibits them. Of the motions of atoms little is 
known with certaintj. 

6. Gravitation is an attraction which exists between masses 
of matter. The law of gravitation states that the force of 
gravitation is directly proportional to the mass, and 
inversely proportional to the square of the distance. 

By mass, here, we mean tlie weight of matter, and not the 
volume. 

By Specific Gravity (ap. gr.) is meant the relative weight of 
equal volumes of bodies, assumed to be under like conditions of . 
temperature and pressure. For the purposes of comparing the 
weights of equal volumes of diffejent bodies, they are all referred 
to an assumed standard. The standard for liquids and solids is 
pure water weighed at a temperature of 4° C. (39° F.), the 
temperature at which it possesses the greatest density or specific 
gravity. 

Deaaity is sometimes uaed. aa srnonymoua with speciSc gravity. Sul- 
phur, whose specilif^ gravil; is 2, weigha twice aa much, vulnme rorvolnme, 
as pure water; while alcohol, whose apecIHc gravis; ia 0.8^6, weighs 
0.8^5 times as much as pure waUr, volume for volume. 

In taking Ihe specific gravity of gaaea or vapors the staudaid of com- 
purison ia pate, or? air. In chemistry, however, it ia more convenient to 
refer specific ^rnviUes of gaaes to hydrogen gas, and deaignato tliia a^ tha 
density and not the specific graviij, which terai refers to ur as the 
staudiLrd. The density of hydrogen gas is 1. 

The density of pure air is 14.42, i. e., air weigha, volume for vol- 
ume, 14.42 times as much as hydrogen, both gases beingwei^hed at 
the same temperature and under the same pressure. Density is a 
very iraMrtant factor in the study of chemistry, and should be 
well understood. The sp. gr. of solids may be determined by first 
weighing the body in the air, aud then iu water nt the required 
temperature. A body which sinks in water displaces a 
volume of water equal to its own, and loses a weight 
just equal to the weight of water displaced. The loss in 
reight of the body when weighed in water, will, therefore, be 
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by the lusa of weight m water, the sp. gr. I 
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of the ondy 
obtained. 

Thus, sappoBe a liadj weigh 6.200 grma. in air, and 3.100 grms. in water. 
The loss of weight in wnter is ti,200 — MOO = 3.100 grica., which tepre- 
Beats the weight of the wBler displaced bj; the body, or the weight of iU 
Tfllume of water. The Bpecihc gruTity of the body will then be found by 
dividing its weight in air, orb.'^OOgrma., b)! the weiubt of an e^iual volume 
of water, or 3.101) grins , giving a tpeoific gravity of 2. 

When the body in question will not sink, we may attach a 
sinker to it, whose weight in air and Iobb of weight when sus- 
pended in wat^r are known. The weight of the Dody in air is 
taken, the sinker attached, and both lowered into the water and 

again wtighed. The loss in weight will represent the loss of 
weight of both the eolid and sinker. Deduct the loss in the 
sinker, and the remainder will represent the weight of a volume 
of water equal to that of the body in question, whence the specific 
gravity may be found as above. Bodies which are soluble in 
water may bo euspeoded in some liquid of known specific gravity, 
in which they are insoluble. 

Thus, let it be desired to obtain the specific gravity of a lamp of cane 
sugar. Suppose it weiglia in air 100 grms., and in oil of turpentine 
C*p. gr. .S7) 45.62 grma. Loas = 100 — 45.62 = 6^.38 gnni. 
100 -:- 64.38 = 1.84 as Ihe ap gr. rererred lo turpentine. Maltiply Ih.a 
result by .87, the ap.gr. of the turpuntiue, and we have 1.6 m the true ap. 
gr. of the sugar. 

The sp. gr. of a powder is obtained by partly filling a small 
flask or bottle with it, and weighing both; the weight of the 
flask empty, as well as the weight of water it will contain, hav- 
ing been previously ascertained. The flask is then filled up 
with pure water and again weighed. The difference between 
the last weight and the first will be the weight of the water in 
the flask. The difference between this weight and the weight of 
the amount of water the fla»k will contain when full, will give 
the weight of the water displaced by the powder, from which the 
sp. gr. may be obtained as above. 

The specific gravity of liquids is obtained by means 

of the flask above mentioned, called a picnometer or 

specific gravity flask, made to contain a certain 

number of grammes or grains of water at a temperature 

\ of 60° F., its capacity being marked upon it. (See 

I Fig. 1.) To take the sp. gr. of a liquid, it is only 

' necessary to weigh the flask, filled with the liquid in 
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leatioo brought to the requisite temperature, deduct the weight 
'of the flaak, and divide tiiis result by the marked cimtents of 
the flask. The specific gravity of liquids is frequently deter- 
mioed also by an instrument called a hydrometer. 

Hydrometers are long narrow glass or metal tubes, pj^ g 
with a bulb near the bottom filled with air, and a 
smaller one below thla containing enough mercury or 
email shot to make it float upright and to eiuk it to a 
convenient depth in water. The hydrometer (See Fig. 
2) acts upon the principle of Archimedes, that a body 
Bpeeifically lighter than a liquid sinks in it until it 
displaces a bulk of liquid whose weight is equal to its 
own, when it becomes stationary. The long narrow 
stem composing the upper end of the instrument help 
a scale indicating the specific gravity by the depth to 
which the scale sinks in the liquid. 

Hydrometers are of two kinds ; (1) for fluids heavier 
than water, and (2) for fluids lighter than water. Special 
hydrometers are constructed for use in certain special 
liquids, and some with an arbitrary scale giving degrees 
and not specific gravity. 

The Twaddell hydrometer, for example, used for liquida 
heavier than water, is so graduated that the degrees on the scale 
multiplied by 5 and added to 1000 give the specific gfavity 
compared with watfir. The Lactometer is a hydrometer with 
a scale specially constructed for the examination of milk. The 
Urinometer is a hydrometer whose scale is made to include 
the variations in specific gravity found in urine. 

To determine the specific gravity of liquids with the hydro- 
meter, it is only necessary to drop the instrument into the liquid, 
which must be at the temperature for which the instrument ia 
istructed, which, in this country, ia usually 60° F., and then 

id off the specific gravity on the scale at the surface of the 
(See Appendix, for table of sp. gr. of chief liquids of 
8. P.) 

■/. Molecular Attraction. ^Molecules attract one another, 
as well as masses. When molecules of the same kind attract 
one another, they form a homogeneous mass, and the force acting 
between them is called cohesion; when the moli 
unlike it is called adhesion. A body on being thrust 
water oomes out wet, because the water adheres to the body ; 
if you attempt to pull it apart, cohesion keeps it 
" 8, Chemism, — Atoms attract one another by a force 
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chemism or chemical affinity. Chemism holds atoma 
together to form molecules. It h to the molecule what coheiiion 
is to the mass. Like cohesion it only acts across inappreciable 
spaces. 

9. Inertia is that property of matter hy virtue of which it 
has no power in ilaelf to change ita condiiion. [This terra is 
often incorrectly limited to the tendency of a body when in 
motion to remain in motion, and when at rest to remain so.] 
Chemical or pkyeical changes never take place without the inter- 
Tentiou of some external agency. 

10. Extension is that property of matter by virtue of which 
it occupies space. Its relative degree is obtained by means of 
weights and measures. The system of measures and weights 
most in use in all scientific works is that known as the metric or 
decimal system. In moat American and English medical books, 
though not In alt, the English system is employed, while all 
nations of continental Europe use the metric system ; so that it 
ia requisite that the student should be familiar with both. The 
unit of the metric system is the metre. The metre is the length 
of a platinum bar deposited in the public archives of France, 
and is 39.37 inches in length. This measure was obtained by 
taking the 10,000,000th part of the quadrant of a meridian of the 
earth, or of the distance from the equator to the pole. The 
ratio of increase and decrease of the system is decimal, and this 
system is consequently sometimes known as the decimal sys- 
tem. The multiples in all the measures and weights are 
denoted by Greek numerals, used as preflses, as will be seen by 
reference to the tables on page 2 of the Appendix. Thus, in 
measures of length we have the metre, dekametre, hectometre 
and kilometre. The subdivisions are denoted by the Latin 
numerals, thus: metre, decimetre, centimetre aud millimetre. 



Greek. 


Latin. 


EnglUA. 


Deka, 


Decern, 


Ten. 


Hekaton. 


Centum. 


One Hundred. 


Chilios. 


MiUe. 


One Thousand. 


Murias. 




Ten Thousand. 



The decimal subdivisions and multiples give a simplicity 
the tables which enables them to be easily learned and remem- 
bered, and brings into use in all calculations the easiest arith- 
metical process^!. In square measure, measures of capacity, and 
measures of volume, but few denominations are in common use, 
and these only are given in the table. 
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The litre, or cubic decimetre, is equal to 1000 cubic centi- 
metres. The cu. centimetre (abbreviated c. c.) and tenths of c. c. 
are the only denominations in common use for quantities less 
than the litre. The half-litre and quarter-litre are also used. 
Measures of weight are derived from measures of volume, as 
follows : — 

The gramme, the unit of weight, is the weight of 1 cubic 
centimetre of distilled water, weighed in a vacuum, and at the 
temperature of 4° C. (39.2° F.), the temperature at which water 
has the greatest density. 

Theoretically, the unit of weight is derived from that of 
capacity, as above; but the gramme is really determined by 
reference to an original standard kilogramme weight adopted by 
the French government. 

The capacity of vessels is determined, not by measure, but by 
weighing the water they will hold at a selected temperature. 

A litre measure is, therefore, a vessel that will hold exactly 
a kilogramme (1000 grms.) of pure water at the temperature at 
which it is to be used. Measuring instruments are usually made 
of glass, and are made to hold their marked contents at a tem- 
perature of 60° F. (15.5° C.) 

The following table will be found convenient to memorize, in 
order to facilitate mental calculations where approximate values 
only are desired : — 

1 Metre = 39.37 in. = 3J feet 

1 Decimetre = IC centimetres = 4 in. 

1 Litre = .88 quarts = If pints. 

1 Gramme = 15J grains. 

1 Kilogramme = 2 lbs. avoirdupois. 

1 Grain = .066 grammes. 

5;j or f.^^j = 4 grms. or 4 c.c. 

5j or f 3j = 80 grms. or 30 c.c. 

11. The Metric System in Prescriptions. — In prescrip- 
tion writing it will be found convenient to adopt the following 
rule where the doses have been learned in grains : Make f .? j 
equal 30 c.c. In a two ounce mixture, when a teaspoonful is to 
be given as a dose, write as many grammes as there are grains 
or minims required in each dose. Thus, suppose it be desired to 
write for a two ounce mixture containing 15 grains of potassium 
bromide in each fsj, it would be written : — 

Grammes. 



R. Potass. Bromidi 15 

AquaB 60 

M. Si«. — 4 c.c. ter die. 



000 

000 or 60 c.c. 
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A fS iij mixture would be written with one and oDe-half times 
as many grammes as there are grains required in each dose : — 

Grunmet. 

B. Potass. Bromidi ^ 2*2600 

AqiMB - 90I0OO or 90 c.c. 

M. Sio. — 4 C.C ter die. 
The perpendicular line ig ased here to occupy the ]>osition of the deci- 
mal point, and separate grammes from milligrammes. 

It is customary among some pharmacists to weigh all quanti- 
ties written as above, instead of measuring them. In such cases, 
it IS well to remember that liquors are very nearly the same 
specific gravity as water, excepting those containing the salts of 
the heavy metals. The syrups and glyccrita have a sp. gr. of 
about 1 L The tinctures have a sp. gr. of about .9. In cases 
of doubt about the sp. gr., direct the quantity in c.c, when it 
will be measured. 

CHEMICAL PHYSICS. 

12. We have already spoken of the divisions of matter into 
irasres, molecules and atoms. The physicist deals principally 
with the properties of bodies or masses of matter which depend 
uprn behavior of the molecules, without inquiring of ^hat atoms 
they are made up. Hence, when a piece of iron is moulded 
into this pr that form, or melted and cast, or filed, or ground to 
powder, it still remains iron. It may be hot or cold, it may be 
charged with magnetism or electricity, but it is iron still, and 
nothing else. These properties of color, solidity, tenacity, 
malleability, fusibility, power of being magnetized, and of con- 
ducting electricity, all depend upon the behavior of the mole- 
cules of iron, and are called physical properties. 

13. Three States of Matter. — The same body may exist 
in three states; as a solid, liquid, or gas. Most solid bodies can 
be changed into the liquid or gaseous state by the application 
of heat to them. For example, when ice is heated, it melts and 
flsf umes the liquid form ; if we apply heat to the water, it ex- 
pands, is converted into steam, and tends to escape from the 
vessel containing it. If we confine the steam, it exerts a strong 
pressure upon the walls of the vessel, which increases as the tem- 
perature increases. This and other similar facts have led to the 
adopticn of the word force to express the nature of heat. The 
teim heat force may often be found in works on physics. The 
capacity which this force possesses of performing work is known 
as energy. Cohesion has oeen defined as that force or attraction 
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Lnhich acts between similar molecules to hold them togetli 

B£)rm a body or mass. From the nbtive ilhistratiou, we see that 

Bleat, whatever it may be, acts in opposition to cohesion, and 

Veven destroys it altogether, driving the molecules apart, and 

Anally off into space. We have in this, then, the explanation 

[of the three states of matter. In the solid state, cohesion Is 

^^eater than the opposite repeJlant force of heat, and the moJe- 

Eoules are in very close apposition. In the liquid state, cohe- 

I Bion and the repellant force are nearly equal, the molecules being 

free to move in any direction, and obey the law of gravity ; i. e., 

they all tend to seek the lowest level. In the gaseous state, 

the repellant force of heat has entirely overcome the attraction 

pof the molecules fur one another, hence, they t£Dd to Hy off into 

i^sce, and .will do so iintes.s confined in a vessel. If we with- 

baw the heat from a gas, or if we compress it sufficiently, we 

may reduce it to a liquid, and in many coses to a solid ; i. e., we 

Ibriiig cohesion into play again. 

It will be easy to understand from the above, that the mole- 
snlefi must be farther apart in steam than in water, and in 

iu ice. What is true of water, is true of all bodies 
capable of existing in the three states; for heat expands 
'wdiea, whether solid, liquid, or gaseous, although not to the same 
^degree. Gases expand more thaa liquids or solids for the same 
■ ohange of temperature. Gases are more simple in their consti- 
tution than either of the other states, and hence we get a better 
knowledge of their structure. 

' 14. Constitution of Gases. — Law of Avogadro or 
* Amp6rc. — This law states that equal volumes o£ all bodies 
in the state of gas, and at the same temperature and 
pressure, contain the same number of molecules. 

As a necessary deduction from the law, it follows: 1st. That 

all gaseous molecules occupy the same space. 2d. That 

the weights of equal volumes of any two gases are to 

each other as the weights of their molecules ; or, iu other 

words, the specific gravities of any two gases must be 

^to each other as the weights of their molecules. This 

fg.vt is' of vfljit importance to the chemist, and is considered the 

[isis of most of the modern notions of chemistry. Although it 

^»ould be out of place here to enter into such a iliacussion, this 

Raw is capable of mathematical proof, starting with the assump- 

|;Kon that raaases are composed of molecules in a state of motion. 

Size and ^Veight of Molecules. ^That molecules 

ictually exist, and that they are iu constant motion in straight 
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lines within the gas, there seems to be at present little room for 
doubt. Various recent experiments, drawn from many source?, 
have given ua proofe of these facts. Starting from certain well 
established lacts, phyticists have been able to calculate the nbuv 
lute number of molecules in a given apace, their absolute weight, 
sixe, velocity, and the spaces between two neighboring molecules. 
What was at first a mere hypothesis is fast becoming a demon- 
strated fact. 

According to theBe calculations, & cubic centimetre of air coDtains 
twenty-one trillioua of molecules ; and according to the law of Avogadro, 
all oiher gases must comain the aame number in the same volume. 10 
trillicns of air, or 144 trillloiia of hydrogen molecules, will weigh 1 
roilligrsmme. The mean velocity of the molecule of sir at 0° C. (aa" F.) 
is 486 metres (1591 ft.) per iipcond ; and of a molecule of hjdrogen gal is 
1844 metrea (6060 ft.) per aetond. Of course, with this inconceivable 
number of molecules in the small space of Due cubic centimetre, and all 
moving Bt the velocilj mentioned, no one molecule could move long in 
one direction without colliding with another molecule. The number of 
ehocka Ihst each molecule riccives, in the case of hydrogen gas, has befn 
calculated to be S480 milli< na per second, while the mean distance a 
molecule moves in ila path before colliding, is about .0001P66 mm., which 
may be taken as the distance between two molecules. The diameter of 
the water molecule = .00000044 mm. Free path = .000064(1 mm. Al- 
though .thcFe numbers give ns no real conception of the magnitudes they 
represent, ihey are given here to show the tendency of research, and the 
advances being made. These numbers apply to gaaes on'y. 

16. Radiant Matter. — When the pressure is removed from 
gases, the molecules are allowed to go farther apart ; and while 
the distance between the molecules of air at the ordinary almos- 
pheric pressure is a little less than a ten thousandth part of a 
mm., it may reach several centimetres when the pressure is 
reduced by a vacuum pump to a. millionth of an atmosphere. 
Buch a rarelied gas has new properties, and haa recently received 
the name of radiant matter, by Mr. Crookes. Under the influ- 
ence of a ray of light, or an electric discharge sent through the 
rarefied gas (pressure one millioDth of an atmosphere), the charged 
molecules, in the case of electricity, seem to launch forth in a 
direct line from the negative pole towards the positive. If a 
light disc be placed in this path, it is bombarded by these mole- 
cules on the side presented to the negative pole, and thus it 
receives a sufficient impulse to render the motion visible to the eye. 
In this manner the movement of the radiometer is explained.* 
'q a position to underatand the laws of gi 
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17. Law of Mariottc. — This law ib Btftted as follows : The 
volume of a confined gas is inversely proportional to 
the pressure brought to bear upon it; that ia, the leas the 

Cressure tbe greater the volume, and the greater the pressure the 
!88 the volume. Stated aigebraicaily thia law is : P : P' :: V ; V, 
whence V' ^= ^, in which espreeaion P aud P' stand for two 
dilferent pressures, and V and V for the corresponding volumes. 
The pressure exerted upon any mass of gas is usually that of the 
surrounding atmosphere, and is measured by a barometer. The 
normal pressure of the air is about l5tbe.to the square inch, or such 
that it will support a column of mercury TUO mm. (30 inches) in 
height. In the expression of pressures, as measured by this in- 
Btrumeot, the height of the column of mercury is employed 
instead of the wei^t of the column. Thirty inches of mercury 
is used, instead of 15 lbs. pressure. Substituting thia form of 
fitatement in the above expression, it becomes V : V ;: H' : H 
and V = y , or V H = V H' in which H and H' stand for the, 
height of the barometric column. 



t a, preBsnre of 742 mm., 
60 mm? Bylhe above ft 
; or 5H) c. c. ; s :: 700 : 742 in 



Example. — A certain Tolnr 
res 640 c. c. ; whut will it n 
e will have V = 5!i?jlll = 527.2 c 
lf»hichK=S27.2. 

Since a gas undergoes such great variation in volume under 
varied pressures, it is necessary to state the pressure when a 
given volume of gas ia mentioned, or as is commonly done, to 
nave an arbitrary standard of pressure under which alt gases are 
supposed to be measured when not otherwise stated. The pres- 
sure which has been adopted is 760 mm., or 30 inches of baro- 
metric pressure. This is called the standard pressure. 
18. The Law of Charles. — Not only does the volume of 
I a gas vary with the presaui-e, but it also varies with the temper- 
nature. The hotter the gas the greater is its volume, and the 
' iftwler the gas the smaller the volume ; or, as this law is usually 
stated, the volume of a gas varies directly with the absolute 
temperature. This is known as the law of Charles. 

All gases expand or contr.ict equally for the same increase or 
decrease of temperature. A gas expands il^ of its volume in 
pftsaing from 0° to 1° C. or ^ia of its volume for one degree 
Fahrenheit. 

Now, since a gas expands i|j of its volume at 0° C, for every degree 
IncrsNie uf tempuruture iibovc zero, vie may regard a e"^ ^* 0° C. i 
ing beeD warmed through 273° C. In other words, 278° below 
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l/iF: l/DT OrthevelocftiesofthemolepiiIeSBretoeBphotherinverBfly 
MM Ihe miuare roots of thdr denaitiep, which correFponda lo ibe stali-metit 
of OrahatD'Hlaw. Thedensitipa of hydrogen and oxygen are known lo be 
1 nnd IB renpeelively, and, Iherefoce, ihe velocities of their moletalea 
muKt be a* the rrjuHre rooU of these numbers or as 4 to 1 ; or the mole- 
cule of hydrojiten must niovB 4 limes as fast, aa that of oxjgen. The com- 
puralive velocities of other molecules may be calculated in the same way, 
fron (heir denaities. 

22. Nature of Heat. — As nearly as we can conceive, the 
phenomena and Heiisatiuns to which we apply the terra heat, are 
the nianirestationfl to our senses of the niotiona of the molecules 
of matter, which we have partially discussed in the laat sections. 
UeeideB producing the sensation of heat, it acta variously on 
bodiei; it boils water, meita iron, makes the metals give out 
light, electricity, etc. 

It was formerly supposed that heat was a form of matter— 
a suhtle fluid which could flow from one part of a body to 
another, or through the air. We still retain some of the lorma 
of expression used while that theory was held ; such as conduc- 
tion, convection, absorption, emission, radiation, etc., 
the theory itself being entirely abandoned. We now rerard 
heat as a manifestation of one form of molecular motion. The 
more rapid the motion of the molecules of any given body, the 
higher will be the temperature. 

Many of the phenomena of heat may be beaulirully illustrated by 
meauB of a ball attached to an elastic India rubber string, held in the 
hand. The ball may represent the molecule, the string the elastic co- 
hesive force, which acts between molecules, and the force applied hy the 
hand to make the ball revolve about it, the force of heat. 

23. The Sources of Heat are the sun, stars, interior of the 
earth, chemical action, and the conversion of mechanical motion 
or molecular motion into heat. The earth receives but about 
the two thousand millionths of the heat of the sun, and the fixed 
stars are estimated to furnish about ^ as much heat as the sun.* 
The amount of heat annually received from the sun would melt 
a layer of ice surrounding the earth, 101 feet thick.* The 
internal heat of the earth haa some effect upon our temperature, 
but not a very important one, as the crust of the earth does not 
conduct heat well. Chemical action is the most important arti- 
ficial source of heart. When the heat thus produced is intense, 
and accompanied by light, the bodies are said to burn. In an 
ordinary fire, the heat produced ia due to the chemical action 
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going on between the oxygen of the air, and Ihe carbon of the 
^el. Animal heat is largely due to a similar cause ; that is, t(> 
chemical action going on in the TnUEclee, glands, brain, and, in 
fact, all the tifsues ; not, as formerly taught by Liebig, by direct 
oouibusticn of the food by the oxygen of the air, but by oxida- 
tion of the different ti^ues whenever they are called upon to 
exercise their functions. 

Mecbauical force mny be converted into heat ; as when the 
axle of a railroad coach becomes hot ; or when the brakes are 
applied to the wheels; or when a piece of steel strikes a piece of 
flint. These phenomena may be imilatcd with the ball and string 
above mentioned, by allowing some one to strike the ball while 
it is swinging, so as to drive it faster on its course. This is what 
takes place when the steel conies in contact with the flint. 

24. Mechanical Equivalent of Heat.— There is an inti- 
mate relationship between heat and mechanical motion. They 
are capable of being converted, the one into the other. The 
friction of the mat^ against a roughened surface produces 
enough heat to ignite it. Heat, on the other hand, is converted 
into motion by the expansion of steam, which drives the steam 
engine. It baa been determined that a certain amount of heat 
has its exact equivalent of work. The unit of work is the foot- 
pound — ^the force required to raise one pound one foot high ; and 
the unit of beat is the heat necessary to raise one pound of water 
from 0° to 1° C. This amount of heat, if it could all be made 
to do mechanical work, would be sufficient to raise 1390 lbs. 
one foot high; or the thermal unit ia equivalent to 1390 foot- 
pounds. If we adopt na the thermal unit, the heat necessary to 
raise one pound of water from S'i" to 33° F., it is equal to 772 
ibot-pounda. 

25. Effects of Heat.— One of the first effects of heating a 
ly is to expand it. This is the effect of heat upon all bodies, 
ept in a few cases of apparent exception. Silver iodide is a 

lotable exception to this rule. To understand just what takes 
place when heat expands a body, let us return to our ball and 
string ; the more force we apply to it from the arm, the more 
rapidly the ball will move ; as it does so, the more it strelchea 
the string and the larger the arc it defcribes. If we apply 
enough force the string will break, and the ball will fly off into 
space. 

26. Melting and Freezing Points. — When heat is applied 
to the moleculea, it drives them faster through their paths and 
further apart from one another, until finally the cohesive fori 
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•tretched b> ita utmost, and is on the point of breaking ; then the 
hoAy melta snd becomes a liquid, in nhich state the two forces 
are DVttrly etjaal, with cohesioa slightly predominating. The 
temp<?rature at vhich a body, usually solid, passes into a liquid 
•tate i» called its melting point, if heat is abstracted from a 
body that ordinarily exiits in a liquid state, cohesion more and 
more overcomes the heat force bettveen the molecules until the 
body contracts and passes into the solid state. The temperature 
at which this takes place we call the freeziog point of the body. 
If more heat is now applie^l, the cohesive force (represented by 
the elaiitic string above) gives way, the molecules b^in to lly olf 
into space, and we say the liquid boils or passes into the gaseous 
sute. 

27. Boiling Point of Liquids. — The temperature at which 

a liquid gives olf va]Kir rapidly from the whole liquid is constant 

Piy ^ for that liquid, and is called iw boiling 

point. la giving a description of a 

? liquid the boiling point is usually given. 

The boiling point of water is 100' C. 
(212° F.;, and la nearly constant when 
. this occurs in an iron vessel in the open 
" "Tiir. It ia slightly higher in a glass or 
other vessel with polished walls, because 
the steam adheres to such a surface 
until it becomes a little above that 
point, or slightly superheated. The 
pressure exerted upon the surfitce of 
the liquid may vary the temperature 
of the boiling point, by resisting the 
~2 expansive force of the molecules and 
- •■ aiding cohesion to keep them together. 

/ / When considerable pressure is brought 

to bear upon a boiling liquid, its temper- 
Rturc riscB until the tension of the steam overcomes this pressure, 
and it becomes superheated. Conversely, if the pressure be re- 
moved, or lessened, the temperature at which the liquid will 
boil is lowered. This may be illustrated by the experiment 
known as the culinary paradox, as fi)lIowa: — 

Takn u Ikik of wiiter, unil afl" boiling It vigoroualv for a fuw minntea, 
■o thiit iho riiiingslcani raaj' fxpulmostof tlieuir, cork it up withatightly- 
flttiriK DOrh and llie boiling will cease ; remove the Iftmp and turn the fliuk 
bottom npwArd. (See Fig. 4.) By pouring cold water on the flask the 
■ ' idcnied, the presaure la removed from the watflr, and it boils 
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ceases boiling again. A dash of cold water will again make it boil. This 
may be repeated until the water becomes cool enough to be held in the 
hand with comfort. 

The boiling poiot of water varies, theo, with the height of the 
barometer, or with the pressure of the atmosphere upon it. As 
the height of the barometer falls in ascending from the surface 
of the earth, the boiling point of water must fall also. An ascent 
of about 1080 feet lowers the boiling point of water 1° C. By 
this means the height of mountains may be determined within a 
few feet. When a liquid passes off into vapor, it is said to 
evaporate. Evaporation takes place slowly and imperceptibly 
from liquids at temperatures below their boiling p)oints. In the 
case of water, for example, there is some evaporation even from 
the surface of snow and ice. The moisture of the air, from 
which clouds, rain, snow, dew, etc., are formed, is carried up by 
this imperceptible evap)oration. 

28. Distillation and Sublimation. — When a liquid is 
rapidly evaporated and condensed again by means of cold, the 
process is called distillation. When water containing solid 
matters in solution is evaporated, the solids remain in the vessel 
while the water only is given off. By means of this fact, we are 
able to prepare perfectly pure water by distillation. When a 
mixture of two or more liquids is heated, that having the lowest 
boiling point begins to evaporate or distill first, leaving the others 
behind. During the rapid evaporation of a liquid, its tempera- 
ture remains constant at the boiling point until it is all evapor- 
ated. To separate a mixture of liquids having different boiling 
points, it is only necessary to heat the mixture until that having 
the lowest boiling point begins to boil, and allow it to remain 
at that temperature until it has all passed over and been 
condensed. The condenser is now removed and another attached ; 
the temperature is now raised until another portion of the mix- 
ture begins to distill over, and so on until the liquids are sepa- 
rated. The first process seldom effects a perfect separation, 
owing to some heavier liquids being carried over by the lighter 
ones ; a second or even a third distillation is often necessary. 
The above process is called fractional distillation. 

By the term destructive distillation is meant, a distillation 
usually of dry substances, so as to destroy them and obtain 
liquids or gases; as, for example, the distillation of coal for 
the purpose of preparing illuminating gas, and liquids to be 
used for various purposes; and the distillation of wood to pre- 
pare vinegar, wood spirit, etc. Distillation is carried on in a 



ib MEDICAL CHEMISTRY, 

retort or §till, and the vapor is coodensed in a worm or condeiu . 
The retort, or atill, ie the vessel in which the liquid is heated, aad 
is made of glass, copper, iron, or platinum. (See Fig. 5.) 

The heat is applied to the retort or still until the liquid boils. 
The vapor from the boiling liquid passes through the beflk of the 
retort into the coodenaer, which is always kept cool by means 
of cold water. 

A. few solid bodies when heated do not melt and form liquids, 
but pass directly into the state of vapor. Such bodies are said 
to sublime, and the process is called sublimation. 

Iodine, sulphur, camphor, and amraooium chloride, are ex- 
amples of bodies which may be sublimed, and this process is 
usually employed for their purification. 
Fig. 5. 
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29. Latent Heat.— It ia evideot that a part of the heat force 
applied to a body ia used up in overcoming the force of cohe- 
sion and in expanding the body, and does not appear in the 
actual moving power of the molecules. In our ball and string 
illustration (Art. 22), a part of the force applied to the string by 
the hand is expended in stretching the string, or finally in break- 
ing it, and does not appear in the moving power of the ball. 
This force which ia expended in overcoming cohesion and in 
keeping the moleculea apart, does not appear in the tempera- 
ture of a body. Whan air is heated and allowed to expand, 
about two-sevenths of the heat force is used up in expanding it. 
If we apply beat to a vessel containing iee, the temperature 
of the water formed ia the same aa that of the ice, although ft 
considerable heat has been absorbed in the melting process. 





When water is bniled it tloes not rise mbove IW C. ('ilV P.|l 
however hot the fire ii; it remaioa «t IW C until it J 
evaporated. What has becoaie of all tbo heat appliet) to the 
water ? It has beeD u*eJ to dri« tb« moleailea fimher aittrt, 
and is lacked up in the water iD tfac first caw, and id iltc Rioain 
in the second. The heat tUiM expeo<)'>l i^ cjlie-I latent heat, i 
It requires heat to convert a solid into a liquid, or a 
liquid into a gas, Tiie reverse h e-jually true ; llmt heat ta'fl 
given out when a gas becomes a liquid, or a liquid be«J 
comes a solid. Freexiug mixtiirea are ba^ed upim tliM lam 
A mixture of salt and ice freezes, because the salt oietbt the 
by its affinity fur water; but heat is absorbed by a si)ttd wbt-i 
becomes a* liquid, and is takea up in this case from wImtevagM 
happens to be in contact with the freezing misturi! i 
containing it Ice machines operate on the principle that what 
a liquid evaporate, it absorbe large quantities of heat. A veiJ^V 
volatile liquid is made to evaporate rapidly by removing tMV 
pressure from it by pum^ng out the vapor ae fast as fbrmeiL I 
A very low temperature b produced in this way in and aboufcj 
the vessel contataing the liquid. Place a few drops of rtber n 
npoQ your hand and allow it to evaporate, and you will have 
i very good illustration of the heat absorbed by an evaporating 
, Ii(|iiid. Mitchell obtained a temperature of ^146^ F. with ether 
and solid carbon dioxide. Vatterer produced a temperature of 
—220° F. with liquid nitrous oxide and carbon disulphide. 

. Specific Heat. — When equal weights of two given 
bodies are exposed to the same source of heat, they do not both 
rise in temperature with the same rapidity. That in, it takes 
i heat to raise a pound of water from 0° to 1°C'., than it 
does to raise one pound of mercury throu[;h the same change of 
temperature. The relative amount of heat required to raise 
equal weights of substances through equal d^rees of tempera- 
"ure, is called their specific heat. Water has the highest 
pecific heat of any known substance except hydrogen gas. The 
mit of specific heat is not everywhere the same. 8oine use as 
khe unit of heat the heat required to raise 1 pound of water 
rem 32' to 33° F., others from 0" to 1° C. The latter is the 
Mie most commonly used, and Is called the thermal unit. 
~a France, the unit is the calorie, which is the heat required to 
taise 1 kilogramme of water from 0'' to 1° C. 1 Calorie = 2.2 
thermal units. 1 thermal unit = 0.45 calorie. 

Temperature, — From the preceding article it will be 
een that the temperature of a body is entirely distinct from the 
uaount of heat it contains. Temperature may be defined as the 



tendency a body pOEsessea of imparling heat to surrounding 
bodies. It ia this tendency which gives to our senses the im- 
pression that the body is hot or cold ; it is, therefore, the 
measure of its sensible heat, or heat that is appreciable to our 
senses. The heat which a body contains ia made up of its sen- 
sible heat plus its latent heat. The temperature of a body ia 
increased or diminiahed by adding to or withdrawing from it 
sensible heat. As the number and weight of the molecules of a 
given body are constant, the variations of temperature must 
mean a variation in the velocity of the moving molecules. In 
our ball and string illustration it will be indicated by thevclocity 
of the ball in Its path. 

32. Thermometers. ^Temperature is measured by an in- 
strument called a thermometer. Thermometers are usually 
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constructed of a closed glass tube, provided with a bulb atone 
end, containing a liquid whose expansion or contraction is used 
to indicate the temperature. It is also provided with a scale to 
mark the amount of contraction or expansion taking place in the 
liquid. Liquids are usually chosen, as solids expand too little 
and gases too much to be convenient. The liquids commonly 
used are mercury or alcohol ; of these the former is most exten- 
sively used, because of the long range of temperature between its 
freezing and boiling points. Pyrometers are instruments for 
measuring very high temperatures, and are constructed of metal, 
or fire clay, whose melting point is very high. 

The thermnmetric scales in common upe are the Fahrenheit, 
Celsius or Centigrade, and Reaumer. The differences in these 
scales may be seen at a glance by reference to Fig, 6. There 
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are two fixed pointe in all of them — tbe temperature of melt: 
ice, and tliat of the ateam from bulling water. These two pointa 
muat he determined on every instrument by actual trial ; these 
poiDta are marked ou the glass with a file or diatnooit. It then 
remains only to divide the space between them into-a certaiu 
number of degrees, according to the scale adopted. In the 
Centigrade or Celsius and in tbe Keaumer tbe freezing point of 
water is marked 0^, while in the Fahrenheit it is marked 32°. 

The point at which the mercury riaes in the tube when the 
lat'ter is plunged into ateam from boiling water, is to be marked 
100° in the Celsius, 'i!2' in the Fahrenheit, and 80° in the 
Keaumer. There remains, then, siraply to didde the space 
between these points into 100 equal parts iu tbe first, 180 in the 
second, and 80 in the third. Chemists generally have adopted 
the Centigrade scale, although some atill adhere to the Fahren- 
heit, which ia the one in common and almost univeraal use among 
the laity in thia country. The Reaumer ia not much used in this 
country, and we shall not use it in this book. It is not difficult 
to change the readings from one to the other scale. 

It will be seen that 100' C. = 180' F., 1° C. = 1.8° F., or 
1° C. ^ 1° F. and 1° F. ^ i° C We must remember, huw- 
F ever, that the 0° mark In the Fahrenheit scale is 32 degrees 
L below that of the Celsius; hence, iu converting degrees F. to 
I v^rees C. we muat first take from the reading 32^ and reduce 
T Only those above the freezing point of water. While in changing 
- iiegreee C. to F., we must add 32^ to the result, to obtain the true 
treading. 

'ihua, 10" C. = 10X? = 18 + 82 = 50; and 41= F. = 41 —32 =9 
B-X 4 = &° C. Or, raultiplj degrees C. bj g and add 32 = dcgreej F. [ 
^nd multiply degrees F. by 5 after aubtructing 3-2 = degrees C. 

The Centigrade and Fahrenheit degrees will both be given in 
this book. 

LIGHT. 
33, The aecond so-called physical force which plays an im- 
portant part in many chemical pheuamenaj is light. Accord- 
ing to the best conception we have of light, it is the effect upon 
tJie optic nerve produced by undulations of an exceedingly sub- 
tile and highly elastic form of matter, called the luminiferoas 
ether. That this ether really esLata, pervading the spaces 
between the molecules of all bodies, so many million time^ more 
elastic than air, so light that it ofi'i^rs no appreciable resistance to 
the earth moving 1100 milea a minute through it, is a hypjthe- 
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! earth, no one eau doubt; and yet, without some such 
aBsuQiption, we cannot conceive how it does pass, unlese we 
hold to a former view, which taught that light was in itself 
a form of matter, without weight, given off by luminous bodies, 
and which ia able to paas through glass, water, rocks, etc. 
Tbeae properties are contrary to all known laws of ordinary 
matter, as also are those of the ether assumed in the other theory. 

It is believed that undulations may originate in certain 
motions of molecules or atoms ; that these motions or undula- 
tions are communicated to the ether and conveyed upon it in the 
form of waves ; and that the movement described by a given 
particle of ether is in the main an oscillation at right anglea or 
perpendicular to the direction of the ray, or beam. 

34. Transmission of Light.— The motion of a ray of 
light travels along the line of particles, very much in the same 
way that it passes along the line of ivory balls placed in contact 
on the billiard table, when another ball strikes the end one 
directly in line with the rest. The motion or impulse passes 
along the line, but the one at tbe opposite end is the only one 
seen to move. It may be illustrated by placing a ruler on the 
table, holding it firmly in place with a marble in contact wit|i 
'on£ end, and whh a hard body striking a short quick blow at the 

other. The stick does not move, as a whole, but the jar will be felt 
to pass uuder the hand, and the marble will move from its place; 

35. Color and Intensity.^It is evident that these oscilla- 
tions may differ in rapidity or in their amplitude; i. e., comparing 
it to the movements of a pendulum, it may vibrate rapidly or 
slowly, and it may swing a long distance or a short one. Upon 
the extent and rapidity of these oscillations depend two import- 
ant difierences in the effects of light on the organs of vision, viz., 
color and brilliancy; the brilliancy depending upon the force 
of the blows upon the retina, and the color upon the number in 
a given time. We have an analogous fact in sound. Here we 
can more easily demonstrate the truth of the fact that the inten- 
sity of the sound depends upon the amplitude of tbe vibrations 
of the molecules, while the pitch depends upon the number of 
waves or pulsations which reach the car in a given time. From 
well established data, we are able to calculate the rapidity of the 
oscillations which produce tbe different sensations of color, and 
the corresponding lengths of the ether waves. Some of these 
results are expressed iu the following table : — 
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Color. 


Length of Wares in Fractions 
of a Millimetre. 


Number of Oscillations 
in one second 


Red. 

Orange. 

Yellow. 

Green. 

Blue. 

Indigo. 

Violet. 


650 millionths. 

609 

576 

536 

498 

470 

442 


477,000,000,000,000 
506,000,000,000,000 
535,000,000,000,000 
577,000,000,000,000 
622,000,000,000,000 
658,000,000,000,000 
699,000,000,000,000 



The color of an object depends upon the character of light it 
reflects or transmits to the eye. A beam of white light is com- 
posed of a variety of different colored lights mingled together, as 
can be shown by passing it through a prism of glass having an 
angle of 60°, by which it is decomposed into its component 
colors. When a body looks red to us, it is because it absorbs or 
destroys all the oscillations of the white light except those 
which give us the sensation of red light. If it be blue, only the 
vibrations that give us the sensation of blue light are reflected. 
Some bodies ana solutions reflect one color, and transmit another 
very different one. The color transmitted is usually the comple- 
ment of the one reflected ; i. e., if the two lights are mixed to- 
gether they produce the sensation of white light. If a solution 
of nickel salt'and one of cobalt are mixed together cautiously, the 
color of the one mixes with that of the other so as to form a 
odorless solution, because the colors are complementary. 

Fig. 7. 




36. The Spectrum. — When a beam of white light is passed 
through a prism, as represented in Fig. 7, it is not only refracted, 
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that U, bent from its ori^aal couree, but the colors of whicbl 
ia composed bdng niipijually bent, are separated one froT 
another. If now we allow them to fall upon a white si 
Fifr. 7, they produce a series of blending tints upon it, which u 
called a spectrum. 

The red rays, which arc least bent from thei 
to be the least refrangible, while the violet are the most 
refrangible. Intermediate between these colore we find the 
orange, yellow, green, blue, and iudigo. The prism thus gives us 
an ea^y means of analyzing a beam of light, to show the character 
of the rays producing it. Such observations are usually con- 
ducted by means of an instrument called a spectroscope. 

37. The Spectroscope. — Figure 8 will illustrate the coo- 




atruction ot the tpectrosc >pi, lln, lij,l)t w received from I 
source of light ^F) through a very narnw slit regulated bj 
screw it pisses through the tube (A) called the collimator t 
is directed up in (he prism (F) which may bemadeof flint g 
it may be made hollow and filled with bisulphide of carbon, 
some instruments there are several flint glass prisms so arrangi 
that the light is made to pass through all of them, so as to 6< 
a wider dispersion of the rays than can be obtained with one p 



1^ 



The beam of light, after traversing the prisms, is viewed with the, 
teleH™pe(B). For purposes ufcomparisoD, an additional tube^C) 
ii attached, by which another light may be thrown upon the suF' 
face of the prism so as to be reflected through the telescope by' 
the side of the light from F.* Mauy iustrumenla now made are 
BO arranged that the ray of light U not bent from its course in 
passing through the prism, and these are called direct vision 
spectroscopes. 

38. Bright Lines. — When we view mo no -chromatic light 
'ith the spectroscope, that is, a light composed of hut one color, 
5 see only a vertical image of the slit in B, and its position will 
ipend upon the refrangibility of that color. If, on the other 
4iand, we illuminate the slit with a light containing several rays 
of different degrees of refrangibility, we shall see one image for 
each ray present; and they will be separated from one another 
by their differences of refrangibility. The same color always 
appears in the same position with reference to the others. If we 
look at a solid body, heated till it emits a pure white light, there 
will beao many images spread out on the field of vision, that the 
one overlaps the other until there are no dark spaces between 
them, and thus gives a continuous spectrum, as it is called. 
If we place a light before the slit which emits very little light of 
its own, such as that given by a Bunaen burner, and then put 
into this flame a little sodium, which gives a pure yellow light, 
we shall see hut one image of the slit, and that in the position 
occupied by the yellow, in the continuous spectrum, or the D 
line in the solar spectrum. If we use lithium instead of sodium, 
we get one image m the position occupied by the red ; if thallium 
be used, the single ijnage is seen in the position of the green. If 
we mix the three, we shall see the three images as bright lines, 
each in its own position ; one in the yellow, one in the red, and 
one in the green. In the better iostrumeiits, the yellow sodium 
line appears as two parallel lines. If we illuminate the slit 
with the vapor of a metal which emits rays of several different 
degrees of refrangibility, we shall see several images or bright 
lines in different portions of the field. Any given element 
always emits the same rays under like conditions ; hence, by use 
of the spectroacope, we may determine what element is introduced 
■ into the flame of the lamp by the lines we see in the telescope. 

Solar Spectrum — Dark Bands. — If we illuminate the 
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slit with the light of the sun, we see almost a contiDuous spectrum 
marked by a number of dark lines, known as " Fraunhofer's 
lines," the cause of which we shall refer to again. 

The most prominent of these dark lines have been designated by the 
letters of the alphabet, as will be seen on reference to the solar spectrum 
in the frontispiece. These lines serve as landmarks upon the spec- 
trum, by which we can fix the position of other lines, or by which we can 
designate the position of any line. The D line, for example, is the most 
brilliant, and can always be seen in the solar spectrum. This serves as 
a starting point in mapping the spectrum, or as a guide in focusing or 
adjusting the telescope. 

40. Spectrum Analysis. — The spectroscope is an important 
aid to chemical analysis when used with certain precautions, and 
with certain well-known facts, in its use, kept in mind. 

We shall state briefly the principles upon which spectrum 
analysis is founded : — 

1st. All bodies, when intensely heated, become luminous, and, 
other things being equal, the higher the temperature the more 
intense the light. 

2d. Solid and liquid bodies, if opaque, emit when heated, 
first a red light, but as the temperature rises the other colors 
make their appearance, and finally predominate. If the tempera- 
ture reaches what is called a blue heat, the blue and violet begin 
to predominate. 

3d. The elementary substances give their characteristic and 
peculiar light only in the state of gas or vapor. Hence, when 
we examine the light from any given source, we may conclude 
from a continuous spectrum that the heated substance is a liquid 
or solid, while a broken spectrum is due to a luminous gas or 
vapor; and, from the position of the bright lines, determines the 
nature of the substance giving the light. There are, however, 
a few exceptions to this principle. Under certain conditions even 
a gas may give ofl'a light that will give a continuous spectrum. 

•4th. At the temperature at which gases or vapors become 
luminous, compound bodies, as a rule, break up into their con- 
stituents, i. e., the elemental atoms seem to be dissociated. For 
this reason, little is known of the spectra of compound bodies. 

5th. At a high temperature the metallic atoms are much more 
luminous than the non-metallic ones with which they are associ- 
ated. Hence, when we examine the vapor of a metallic salt 
rendered luminous, the light emitted is so exclusively that of the 
dissociated metallic atoms, that, whatever salt of that metal be 
used, we obtain essentially the spectrum of the metal itself. 



6th, If, when the slit of the spectroscope is directed towards a 
source ufwliitelight givinga coutiuUous sjtectrum, another flame 
giving a muuo- chromatic Tight from a luminous vapor be inter- 
posed between the white light and the sb't, a dark image iif the 
slit will appear in the position where the vapor of itself would 
have given a bright line. That is, when the light from a liquid 
or solid luminous body is made to pass through a luminous vapor, 
those rays of light are absorbed which the vapor, of itself, emits. 
Hence, when we analyze the light of a distant source of light, 
and observe a continuous spectrum marked by dark lines, we may 
conclude that it is produced by a Bolid or liquid luminous body 
shining through a luminous vapor. This explains the dark lines 
seen in the solar spectrum. 

Ttb. Many substances in Eolutioa absorb certain rays from a 
beam of white light passed through them, and the portions of 
the beam absorbed are peculiar to each subatauce. We thus 
have a means of detecting the presence of a lew substances which 
cannot be rendered luminous, by passing a white light through 
the solution auB|)ected to contain them. 

41, Absorption Spectra. — When we wish to observe the 
spectrum of a liquid we place it iu a glass tube, or preferably a 
vessel having parallel sides, and place this before the slit of the 
spectroscope. We now throw a strong white light through the 
solution and into the slit of the instrument. Solutions of erbium 
and didymium examined in this way absorb certain portions of 
the spectrum given by the source of light. The particular portions 
of light absorbed are peculiar to each, and in these cases the dark 
bands across the bright spectrum occupy the same positions in 
which the vapors of these elements give light hands. Absorption 
bunds ditfer from the dark lines of the solar spectrum in being 
broader and not so sharply marked. They are often only a 
slightly darkened portion of a bright spectrum. Even passing 
the light through a crystal, in some cases, gives the same result 
as passing it through its solution. 

The use of the spectroscope in medicine and toxicology is 
chiefly confined to the observation of absorption spectra of various 
siilutions. Some idea of the appearance of such spectra may be 
obtained by reference to the frontispiece, remembering that the 
spaces which appear white there are, in practice, occupied by the 
ciilora of the solar spectrum in their appropriate places.* 
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42. Chemical Effects of Light.^If a mixtare of pure 
hydrogen ami chlorine giiaeB' be prepared io the dark, and kept 
there, no combiDation takes place ; if the mixture be brought out 
into a light room, a gradual combination takes place and hydro- 
chloric acid ia the regiilt; if the mixture be placed id the direct 
raye of the auii.iufltead of diffused light, the combination takes 
place with an explosion. The light in this case causes chemical 
action. The electric light and other intense lights produce the 
ea me action. If a piece of white paper wet with a solution of 
nitrate of silver be kept in a dark room do change takes place in 
it ; but if the paper is exposed to a strong light for a few min- 
utes, it begins to grow dark and finally becomes black. 

Slaiiy chemicals kept in the light are in time eensibly 
changed. Silver and gold solutions iu presence of organic matter 
deposit a part of their metal in the metallic form. Nitric acid 
becomes slowly yellow, from the decomposition produced by the 
li^lit. A solution of the syrup of the iodide of iron on exposure 
to air becomes brown from decomposition; but on exposure to 
the direct sunlight it again recombines and returns to the normal 
green cijlor. The art of photography is based upon the changes 
produced in silver salts, gelatine, etc., by light. Sometimes the 
change seems to be a true chemical reactiou, and in other cases 
it is It molecular change only. 

It liM been foand ihat it is not always the Inminous part of the ray of 
lijiht that tflucta these cliangefi, bnt that lhi><r are chiefly prodaced by 
cenaitt invisible raye round most abundantly bejond the violet part of ths 
apfdruni. From this it has been concluded that the light of the 9nn, as 
well an the light from some other aources, contains certain rays having 
ihis power to produce chemical changes. This aciion i; known as aotin- 
Ism, and the rays producing it are called actinic rays. 

ELECTRICITY. 
4.3. Electricity Produced by Chemical Action. — If in 
a vrssel of water, containing a little sulphuric or hydrochloric 
acid (1 to 20). a strip of zinc and one of copper or platinum be 
immersed and prevented from coming in contact, no action is 
seen to take place, provided the acid and zinc be pure. If, how- 
ever, we connect the two strips of metal by a wire, or the upper 
ends of the strips are brought in contact above the liquid, 
chemical action immediately takes place, and the following 
phenomena are observed; Ist. Small bubbles of gas are seen to 
collect on the surface of the platinum atrip, while the zinc slowly 
dissolves, and at the same time the acid begins to disappear. In 
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5eof hydrocliloric acid, the chlorine combines with the zinc, 
' and the hy<irogen escapes from the opposite plate. 2d. We shall 
find a peculiar property manifested by tbe wire, which is known 
as electricity. If a magnetic needle be placed near the wire it is 
turned from ita course. If the wire be broken and the tongue 
be placed between the two ends, a tingling, metallic taste is 
observed. 3d. If the plates are large, and the ends of the wires 
are p'aeed near together in a solution of copper sulphate, the 
metallic copper begins to deposit on one of the wires. In a word, 
a force is developed in the wires which we call electricity. If 
tbe wires are separated from each other by air the chemical 
action ceases, the gas ceases to escape, and the zinc to dissolve. 
The same phenomena are observed when we substitute for tbe 
above metals zinc and lead, zinc and gaa retort carbon, etc. It 
is only necessary that the plates be unequally acted upon by tha- 
fluid in which they are dipped ; and the greater this difference, 
within certain limits, the stronger is the force developed in the 
wire. In order that these phenomena shall take place, tbe 
following conditions are necessary :— 

The plates and connecting wires must be conductors 
of electricity. 

The liquid must contain some substance with which 
one of the plates can form a chemical action. 

44. Electrical Induction. — By this term is meant the 
property an electrified body possesses, of inducing or causing an 
opposite condition in certain bodies near it. This is a property 
of electricity that we must understand before we can compre- 
hend the action of the galvanic cell. 

If a magnet is brought near any piece of iron, as a nail, the 
latter becomes a magnet, with the poles in the same position as 
those of the original magnet. 

So, a piece of brass held near tbe prime conductor of a friction 
electrical machine, becomes charged with the opposite kind of 
electricity to that of the conductor. A negatively electrified 
cloud passing over the earth induces the opposite condition in 
objects directly under it on the earth. 

This condition of a body is generally known as polarity ; j'. e., 
the body manifests a peculiar force at certain points known as its 
poles. A magnet usually has two poles. 

The chief characteristics of this polar force are as follows : — 

Ist. The energy is chiefly exhibited at opposite points of the 
body, called its poles. 

2d, Like poles repel and unlike poles attract each other ; and 
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while like poles enhance each other's elfoct, unlike poles neul 
ize each other. 

3(1. A polarized body induce? a like conditiou in all bodies 
near it susceptible of this condition, a pole of a given kind 
inducing a pole of the opposite kind in that part of the body 
nearest to itself. 

4th. Induction is attended with no loss of energy in the 
inducing body, but on the other hund its polarity is rather in- 
creased by the reaction of the indnction. 

5th. Magnetic, electrical, and chemical polarity are some- 
what similar in their general features, but dilfer considerably in 
their modes of manifestation. 

6th. Bodies differ not only in their susceptibility Ui polarity, 
but also in their power of retaining it. Most atoms have an 
inherent chemical polarity which is more or less permanent and 
characteristic, although it may be increased, diminished, or 
entirely changed in quality, by induction. 

Chemism or chemical affinity is the manifestation of this 
polar energy acting between two differently polarized atoms. 
Every molecule may be regardetl as naturally polarized, one 
part being positive while the other is negative. 

45. Theory of the Galvanic Cell. — In order to bring the 
working of the cell clearly before the mind, let us assume the 
plates in Fig. 9 to be platinum and zinc, and the exciting fluid 
to be a solution of hydrochloric acid. 
The space between the plates may be con- 
sider^ to be filled with molecules of the 
acid, each molecule composed of one atom 
of negative chlorine united to one atom of 
positive hydrogen. The negative chlorins 
atoms have an inherent tendency to com- 
bine with the positive s^inc atoms, which 
are capable of taking a higher positive 
condition than hydrogen, and by this ten- 
dency the zinc atoms become strongly 
charged with positive electricity nr posi- 
tive polarity, which they retain as limg 
as they are in combination with the chlo- 
rine. By this means the rest of the zinc 
plate becomes negatively polarized or charged with negative 
electricity. 

Now, it is clear that if there is no chance for the plate to com- 
municate with the earth or some neutralizing body, it will soon 
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reach the maxinaum degree of polarity that can be induced by 
the chlorine. The action must then cease until the equilibrium 
of the polarity or electricity in the plate has been established; or, 
in our primitive cell, until the wires connecting the plates are 
brought in contact, when a neutralization takes place, and the 
action continues. 

Thus far, we have considered only the negative plate. When 
the chlorine atoms leave the hydrogen for the more positive zinc 
atoms, the hydrogen seizes upon the neighboring chlorine atoms 
in the adjoining molecules, and thus a stream of hydrogen atoms 
sets toward the platinum plate and are finally liberated at its 
surface. At this point two atoms combine to form a molecule of 
hydrogen ; but in order to do so, ©ne of the atoms must discharge 
a part of its positive charge of electricity upon the platinum 
plate, thus charging it with positive electricity. 

By the above process, the zinc plate is rendered negative, or its 
electric tension is lowered below the normal by the withdrawal 
of positive electricity, while the platinum plate is actually charged 
above the normal, and is in a positive electrical condition. It is 
this difference of electrical state which causes a neutralization 
through the wires as long as the exciting fluid and the zinc plate 
last, or as long as the chemical action continues. If the wires 
are disconnected, the platinum plate soon becomes charged to a 
tension equal to that of the hydrogen atoms, and the zinc plate 
lowers its tension until the chlorine atoms will no longer leave the 
hydrogen to combine with it. The action then ceases until the 
connection is again made. The discharge is then continuous 
from the platinum to the zinc plate, and it can also be shown 
that a current passes through the liquid. Such is the best con- 
ception we possess of the simple galvanic cell which we have 
considered. 

46. The Current or Circuit. — The circuit is said to be 
closed when the wires are connected, and there is a constant 
flow or transfer of force through the wires and through the liquid. 
It is said to be open or broken when the wires are separated 
so that the transfer of force ceases. 

If the wires from a galvanic cell or a collection of cells be 
connected with the earth instead of with each other, the current 
flows as if the latter were really done ; and it makes no difference 
how far apart the wires connect with the earth. This is called 
grounding the battery. No current actually flows from the 
one point to the other in the ground, but by bringing the plates 
in contact with the earth their electrical equilibrium is restored 



40 MEDICAL CHZMISTRY. 

hy it. T>iw prinrriple is made use of in telegraphy to aToid the 
nf r'^«If.y of a rcXurii wire. One of the wires of a battery situated 
at htif: of f hft jifatioriH is grounded ; while the other passes to 
anrl throij^'h thfr othf^r station and is then grounded at that point; 
v* that th^! rrurrfrnt must paSvS between and through both stations 
t/> (•/>Tu^>UU', th^: circuit. 

47. Electrical Tension or Electro-motor Force. — 
When wc ?pfak of the normal electrical conditioo, we have 
rf'ff'rf'UCf, if) the clff;trical state of the earth or bodies in contact 
with it. The f;arth is the great storehouse of electricity, as the 
ocean i« of water. If water is taken up from the ocean, and 
(\p.^>*mU'f\ ujK>n the mountain side, it will run back to the sea in 
a intream, and can Ik*, made to do work, while reaching its former 
level, by turning a watfir wheel. The water, in other words, has 
ii/'y|iiirefl jK^wer to do work by its change of position, which in 
meehanir^, i« called its potential. In the galyanie cell, the 
^^juillbrium of the elcfrtricity is disturbed, and it acquires power 
Ut do work in returning to its former state of electrical equilib- 
rium. This profKrty in electricity is called tension or elec- 
tro- motive force (E. M. F.j. The strength of the E. M. F. 
will, (rf fUfUrAC, depend upon the difference in the electrical con- 
dition of the two f>l«tes. It is our purpose to consider here only 
*ueh prarrtical f>oirits as we deem essential to the physician's 
knowledpfe in the use of galvanic batteries. 

4M. Form» of Cells. — We have thus far discussed only one 
form of cell. The term battery, strictly speaking, is applied to 
ft collection of cells; but it is frequently applied to a certain 
form of cell. VnriouM kinds of cells are in common use. 

One rjiffieulty in the working of the simple cell we have 
already rh-serihed, is in tlie fact that the hydrogen accumulates 
on the platinum plate and prevents contact with the liquid, 
nnrl thus olmtructs the current. In order to obviate this, various 
means have heen uned to prevent this gas from reaching the 
platinum. 

In Grovc'ft cell, the platinum plate is suspended in a porous 
earthenware cup filled with strong nitric acid, and placed in the 
centre (»f the larger cup, containing the dilute sulphuric acid (1 
to 12;. The nitric acid oxidizes the hydrogen, converting it into 
water )>(i'hrt' it reaches tlie platinum. 

Bunftcn'ft cell is constructed in the same way as the above, 
exempt that l\u'. jilatinum is replaced with the cheaper gas retort 
carbon. 

In the working of the above cells the nitrous fumes evolved are 
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Bry objectionable, and to avoid this, a solution of chromic acid I 
'ID sulphuric acid, made by addiug to 18 parts of water 4 parts of I 
.potassium bichromate and 4 of sulphuric acid, mavbe used. The 
chromic acid serves to destroy the hydrogen in tne same way aa 
the nitric acid, and no porous cup is needed. The elements 
used are zinc and carbon. This cell gives a strong current 
for a short time, and is one of the b&-t in use, for medical 
purposes. The zinc plates are always removed from the liquid 
when the battery is not in use. In some medical batteries a solu- 
tion of acid sulphate of mercury in water is used ns the exciting 
fluid, instead of the above. lu this case the plates are small, and 
made of zinc and carbon. The zinc combines with the sulphuric 
acid, and mercury instead of hydrogen is set free. Another form 
of battery is one in which the exciting fluid is dilute sulphuric 
acid and the elements zinc and silver, the latter being inclosed 
in a layer of chloride of silver, which is intended to prevent the 
hydrogen from accumulating on the silver plate, by combining 
it with chlorine. 2AgCl + H, = Ag. + 2HCI. These cells 
are usually made iu the form of long, narrow cylinders, so as to 
occupy a small apace, and are very constant and effective. 

In the Lcclanch^ cells, as usually constructed, the elements 
are a plate of carbon and a rod of zinc. The carbon plate is 
surrounded by a layer of peroxide of manganese, to serve as a 
depolarizing agent, or iu a slightly different form, ferric oxide 
is used for the same purpose. The exciting fluid is a strong 
solution of ammonium chloride in water. This battery is one in 
very common use where an open circuit is to be used, is very 
constant, requires attention only at long intervals, and is inex- 
pensive. Various modifications of this cell have been proposed, 
but in efficiency they are not superior to it. 

The Callaud battery is constructed as follows i The elements 
are zinc and copper. The former is suspended in the upper por- 
tion of a solution of copper sulphate contained in a glass jar. 
The copper plate lies at the bottom of the jar, and the wire 
attached to it is covered with gutta percha for the purpose of 
Insulating it. From time to time copper sulphate crystals are 
dropped into the jar, to keep up the supply. 

This battery is useful where a closed circuit is to be used, and 
the battery is to be in constant use. It is very constant when 
kept in good order, but has a low electro-motive force, and is 
seldom used in the construction of medical batteries. A new 
form of cell, which is sail! to give good results, is made as fol- 
I .lows : An iron tray or pot is nearly tilled with a strong solution 
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of ammonium chloride, and a plate of zinc is supported by non- 
conducting posts in this solution. A thin layer of oxide of 
copper is sprinkled over the bottom of the tray, to act as a de- 
polarizer. The wires are attached to the zinc and iron tray. 
When the oxide of copper becomes reduced, and loses its-effect, 
it may be again oxidized by roasting it in the air. 

49. Care of Batteries. — In order that a battery may per- 
form its work it will need some care in its management. All 
metallic connections, as well as the wires through which the 
current is to pass, must be of good conducting material. Copper 
or silver wire is usually employed for conductor, and where two 
wires are meant to connect, their surfaces must be bright and free 
from oxides, which are poor conductors. As far as possible, a 
uniform strength of exciting fluid should be maintained. In 
most batteries this will require entire renewal, from time to time, 
in order to supply new material for chemical action, and to re- 
move the products of former action. 

50. Local Currents. — Owing to the imperfections in the 
zinc used in the construction of batteries, it is unequally acted 
upon by the liquid. The points where the zinc is harder, 
or contains iron, lead, or arsenic, act as negative plates to the 
rest of the zinc, and thus currents are set up between them which 
eat away the zinc, and cause a serious loss of material, as well as 
of force. " Amalgamation'' of the zinc obviates this action by 
forming over the surface of the plate a homogeneous layer of zinc 
amalgam. 

To amalgamate the zincs, first wash them in dilute sulphuric 
acid (1 to 6), and then pour mercury upon them while still wet 
and rub in the drops until the whole surface is uniformly bright 
and smooth. It is well to keep a little mercury in the bottom of 
each cell, which keeps the plates amalgamated. A hissing sound, 
or the evolution of hydrogen from the surface of the zinc, is a 
sure sign that the zincs need re-amalgamating. 

51. Polarity of the Elements of Batteries. — A serious 
hindrance to the working of batteries is what is called the 
polarization of the plates. We have already referred, when 
speaking of the construction of cells, to the accumulation of 
hydrogen on the carbon or platinum plate. When the current 
is of considerable strength, oxygen accumulates on the zinc plate 
and hydrogen on the opposite one. We then have a layer or 
plate of hydrogen against the carbon, and a layer or plate of 
oxygen against the zinc. The former of these is positive and 
the latter negative; and they are joined together by the same 
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as the primary plates, as will be 
)y a glance at Fig, 10. Not only 
is the liquid kept from perfect contact 
'with, the plateg, but, owing to the action of 
the liquid upon these new gaseous plates, 
I n current is developed in the opposite 
.iireclion to that of the primary current, 
which may become so strong that It almost 
Fs&tirely overcomes the original current 
tod destroys the efficiency of the battery. 
Some method must, therefore, be adopted 
I prevent the hydrogen from accomula- 
I'tiiig upon the carbon or platinum plate. 
Nitric or chromic acids, oxides of man- 
ganese, copper or iron, silver chloride, 

and copper sulphate are all used for this purpose, as referred to 
in article 48. 

52. Secondary or Storage Batteries. — The polarity of the 
plates of a battery cell is utilized 'm the secondary or storage 
batteries. The cell contains two or more plates of large size, 
constructed of sheet lead, or finely divideti lead pressed into 
plates, and is filled with dilute sulphuric acid. The plates are 
polarized by passing a current through the battery. The hydro- 
gen accumulates in or upon one plate, and the oxygen in the other. 
On now disconnecting the charging battery, it is found that a 
current may be obtained from the polarized cell for some time, 
but in the direction opposed to that of the charging current. 
When the plates of this battery are once charged, they will remuiu 
charged for some weeks ; and the current nay be obtained at any 
time, whenever the wires from the opposite plates are connected. 

53. Resistance of Conductors. — Conductors are bodies 
whichalJowaready transmission of the electrical impulse through 
them, and are contrasted with another class of bodies called non- 
conductors or insulators. These terms are only relative, how- 
ever. 

Some bodies conduct electricity with great ease, while others 
offer more resistance to the passage of the current, or entirely 
refuse to allow an appreciable amount to pass. Even the best 
conductors offer some resistance to the passage of the current. 
The metals are the beat conductors, and of these silver is the best 
conductor known. Copper is second to silver only, and when 
both metals are pure the difference is but slight. 

If we compare wires of the same material, but of diSerent 
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fihrs and lengths, we finil that the resistance of wires in- 
creases with the length, and diminishes vfith the area 
of the cross section. When a cell \b in action, the current not 
only meets with resistiinee in the wires, but also in the liquid of the 
cell thruugii which it has to pass. Ihii last resistance h usually 
much greater than thnt of the wires, and is an important element 
in (leterniiiiiiig the strength and intensity of the current. 

M. Ohm's Law.^This law statesthat the intensity of a cur^ 
ront tUiveloped by a battery will be equal to the electro-motive 
fiircfl divided by the resistance. By electro-motive force we 
nicHtt the force with which the electric current is set in motion. 
Thia law may be stated algebraically as follows : C = ^^^ 
whcro K repreeenls the internal resistance of the liquid, r the 
external resistance or that oflered by the wire, and E the electro- 
motive force, which is always the same when the same metals 
and cxoitiiig liquid are used. In any given form of battery, 
vnriati'inB in the strength of the current must be due to tfie 
varlutiona in resistance, either in the external or internal part 
f)f tho circuit, or to a change in the strength of the exciting 
liquid, polarity of the plates, or secondary currents. We have 
already spoken of the resistance ofiered to the current by the 
polarity current, flowing in the opposite direction, and which 
may sumetimea become almost as great as the electro- motive 
force can overcome. It is clear that in order to increase the 
ralue of C, in our fornmla, we can increase E or diminish R and 
r. To increase theelectro-m<itive force we select such metals and 
liquids as shall aive us a relatively high intensity of current. We 
roav increase tne intensity of the h. M. F, by joining several 
crifd, so that the force of the one may l>e reinforced by the next, 
and so on. This is done by connecting the zinc of the first to 
the carbon of the second, the zinc of the second to the carbon 
of the third, etc. Each cell added to the series adds to the 
current its E. M. F. diminished by its internal resistance; the 
extt^rnal resistance being too small to be regarded. The formula 
applieil to the series would be, when n equals the number of 
cells : =^ .i-R-jS' ^'^^ when the external resistance in the wire, 
r, is very small in comparsion with II, as when flowing through 
an ordinary copper wire, it may be disregarded ; and the equa- 
tion then becomes C = g. That is, the eifeot of a battery of several 
elements in this case is no greater than that of a single cell. If, 
however, the external resistance, r, ts ^reat, as when the electrodes 
^_ are applied to a human body, which has a resistance many timoiT^H 
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igreater than the usual value of R, the value of C increasea c 
mmlDishes very uearly in the same ratio as the number of cell 
For medical purposes, therefore, we usually coiDbiae the cells as 
above described. Elements or cells so arranged, are said to be 
arranged in series, or arranged for intensity. 

We may also iacrease the value of C, in the formula above, vM 
by increasing the size of the plates, provided the external resist- (B 
ance is small. By so doing, we do not increa^ the electro- motive | 
force, but we reduce the resistance in the cell by virtually com- 
bining several plates into one and increasing the surface esposed 
to the liquid, without increasing the distance through which the 
current has to pass in the licjuid. Where a small resistance is to 
be overcome, therefore, large plates are to be preferreil; 
^which is the same thifig, all the zinc plates of the battery may 
Fio. 11. 




3 connected, and all the carbon plates. When the cells are 
" arranged in this manner, they are said to be arranged in 
multiple arc, or for quantity. The poles or electrodes 
of a battery of cells are ihc conducting wires; that attached to 
the zinc plate is the cathode or negative electrode, and that 
attached to the platinum, carbon, or cupper plate is the anode 
or positive pole. 

In electro-therapy the term electrode is often used to desig- 
nate the appliance fastened to the end of the wires for application 
to the patient, while the wires are called rheophores. 

55. Induced Currents. — If a current of electricity, from a 
battery, be passed through one of two parallel wires A B (Fig. 
n 11 J, iybig near together, no current is observed in C D as long as 
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the curreDt id A B is constant ; but if this be abruptly stopped, 
an instantaneous current is developed in C D, nhicb we can de- 
monstrate by connecting the wire to a galvanometer (G). When 
WB make the current pass from B to A, the current in the wire 
C D takes the direction from C to D; but oa breaking the 

frimary current, the induced current takes the direction D to C. 
f, therefore, we rapidly make and break the primary or battery 
current by means of the key, K, we shall have a rapid to and 
fro current acting in the secondary wire C D. Now, if these 
wires be covered with silk or insulated, and are wound together 
around a spool or bobbin, the conditions of the experiment 
will remain unchanged, and we shall have the same phenomentt 
in the coiled wires as if they were straight. Such a coil is known 
as an induction or Rhunikorfi'coil. The strength of the current 

Fiti. 12. 




in the secondary wire, or the induced current, will depend upon 
the length of the wire acted upon, the strength of the oattery or 
primary current, and the distance the wires are from each other. 
56. Induction Coil. — It is customary, in constructing an in- 
duction coil, to make the primary coil of large, thick wire,so as to 
allow the battery current to pass with as little resistance as pos- 
sible, and to nittke the secondary coil of a much longer and 
thinner wire. The former is made into a smaller coil, which 
slips into the latter. Into the inner coil is pushed a bundle of 
soft iron wires which act as magnets when the battery current is 
sent through the coil. A small armature or piece of soft iron 
fastened to a spring, vibrates before the end of the bundle of 
wires. When no current is passing the spring resta against the 
point of the screw Sc, Fig. 12, When a current is sent through 
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f from B to A, in the inner coil of wire, an inJuced current is 
doced in the outer coi], from S to S', or from C to D. At 
same instant the current B A magnetizcB the core of wires O, and 
the hainmer H is drawn towards them and away from the point 
of the screw. This breaks the current at that point, the core 
de-magnetizes, and the spring brings the hammer back to the 
screw, when the proce^fl is repeated, as long as the current from 
the battery E lasts. The induced current in SS' is, therefore, a 
to and fro current, or a make induced in one direction and a 
break induced in the opposite direction. 

This current is known as the Secondary, Induced, Inter- 
'raptcd or Faradic Current. The two wires a and 6, Fig. 13, 
annected with the primary coil, by the binding posts, and 1 
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carry the battery current. The wires c d are the terminal wires 
of the outer secondary coil, and carry the induced current. The 
interrupter is shown at y. 

57. Extra Current. — It is very evident that each turn 
of the wire in the primary coil lies very close to and parallel 
witli the adjoining turns {>f the same wire, and that these &m- 
secutive turns may be considered as constituting a series of 
dlel wires. In fact, every variation of the current in the 
" Fig. 12 generates electro- motive force in the con- 
i turns. An induced current is thus produced in the 
a A B, which obeys the same laws as that induced in the 
wire, C D, and in the direction opposed to the 





batteiy current, when ihe latter is maile or increased, &ad .^ 
the same direction when it is broken. This current is knows. 
the primary induced or extra current. During the 
luaking or increusing uf the battery current this extra cur- 
rent, acting against the buttery current, retardfi or resists it, 
and hence ia not felt at the poles P and P. At the brei ' 
this current goes in the opposite direction, and, as there 
oothing to resist it, may be felt with its full force at P and ^ 
This current is therefore interrupted, and is felt only at tl 
break of the battery current, and always In one direction. Thi 
primary induced, or extra current is feebler than the secondary, 
because the length of wire acted upon is shorter. As we havtf 
just seen, the make extra current retards the batterj^ current, so 
that it takes time for this current to attain its masimum force; 
and the make induced current is weakened in proportion to the 
longer time required. The secondary current developed at the 
time of making the battery current is therefore weak, and its 
physiological and chemical effects almost inappreciable. The 
brealc, secondary bs well as primary, is developed with its full 
electro-motive force instantaneously, so to speak ; hence, they 
alone have an appreciable effect when a resistance such as th.% 
human body is put into the circuit j 

58. Influence of the Core. — When a galvanic current iu 
sent through a coil of wire wound about a bar of soft iron, tfaft . 
bar becomes a magnet as long as the current passes, and loses its 
magnetism as soon as the current in the wire is broken. The 
eifeet of the bundle of soft iron wires is the same as that of a 
single bar. Moreover, when a magnet is suddenly made or 
destroyed, it causes a current to flow through the wire wound 
about it. The effect of the magnetic core is, then, only to retard 
the battery current when it is first passed through the coil, and 
to still further weaken the induced currents developed by it. 
Its sudden de-magnetization reinforces the break currents and 
makes them stronger. The currents are further modified by 
means of a draw tube made to inclose more or less of the pri- 
mary coil. When this is completely withdrawn the current is 
Strongest ; and when the inner coil is completely enclosed by it 
the currents are considerably weakened. Occasionally the sec- 
ondary coil is made to include any desired length of the primary, 
and thus the current may be varied at will. Figure 13 shows an 
induction coil with Grenet cell ready for use, 

59. Magneto-Electricity. — Besides chemical action, other 
methods of producing electricity may be employed. We have 
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already referred, in the last section. t«> r!i«? e&?t -yf ^c-ii^clj 
makiug and destroying a magnet witLin i xil -if wire. "Hi-* siziie 
effect is produced when themagn^ec i? 2i*ie :•: ar::r.;i:~- :r r=oei-r 
from the coil of wire, or when the niajn^rC L* :z:r^ii*ei izi i-r- 
creased in strength. The simple?! n:a^eM--fI'E».'cr:c airsira:::? is 
composed of a strong horsesh'oe niagnec, l^ri'ire :le r^rl-rs cf 
which two short soft iron hars, calle^i amiaiuK*?, in . ia:eii *-n a 
shaft and wound with coils of wire, an? nia«ie r.: reT-.-Ive bv a 
crank. As the soft iron appn: aches the pole? it te^xmes a mag- 
net and induces a current in the wire. As ii reoe^ics fr:m the 
same pole the current in the wire b re^versed. but by a pjle 
changer it is made to pass from the instrument in the same direc- 
tion.'*' By multiplying the number of magnets and armatures, 
by using the current developed to strengthen the magnets, and 
by revolving the armatures at a high rate of speed, a very large 
amount of electricitv mav be pro«Iuced. The electric liiarht is 
now very generally supplied with electricity by machines made 
upon this principle and driven by steam or water power. Such 
machines are called dynamo-electric machines. Small machines 
are sometimes employed for medical purpses, which have been 
improved by Mr. Gaifiesoas to give much better results than the 
older forms of this apparatus. In these machines the electricity 
is the result of the conversion of mechanical force into electrical 
force, the two being mutually convertible. 

60. Thermo- Electric Currents. — If two bars of dissimilar 

a b 

metals be soldered together at one end, thus: \/ , and the junc- 

tion c be heated while the ends a and b are cool, electricity 
will pass ; the direction of the current will depend upon the metals 
composing the couple. If the metals be bismuth and silver, the 
current will be from the former to the latter ; if German silver 
and iron, the current will be from the former to the latter. 
By arranging a large number of such pairs in a pile, thus : — 
"■\/^\/\/\/^+, so that alternate junctions can be heated, a 
current of considerable strength may be produced. Such a pile 
may be constructed by arranging the bars in the form of rays 
around a hollow centre, in w-nich a lamp or fire can be kept 
burning, and thus furnish a constant current of electricity. 
Thermo- electrical currents have not been used in therapy, but it 

* In another form of the machine the coil of wire is on tho ma^m»t, 
and the current is produced by the variations in the magnet itself, caused 
by the armatures. 
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probable that a pile properly arranged may be made t 
furnUn a current in every way equal to a galvanic current. 

61. Frictional or Static Electricity. — When a dry glass 
rod or tube is rubbed briskly with a piece of dry flannel, silk, 
chamois leather, or cat's fur, for a few seconds, it acquires the 
property of attracting light objecte, aa feathers, dust, or bits of 
paper to ite surface, and is said to be electrified. Seating wax, 
wsins, gutta |wrcha, etc, exhibit the same property to a greater 
or less extent. 

After the feiithet, or other li^ht body, has adhered to the ^lass or seal- 
ing wax for a few seconds, it falls off; if the glass is now excited anew, 
tod presented to the feather, it repels it. Or, if tha feather be first 
made to repel from the glass, it will be found to be attracted by the seul- 
ing-wax with much greater force than before. From this it will be seen 
^t there is a parallelism between this kind of electrical escitemen', and 
nugaelism ; the excited gluss and sealing wax bearing the same relalioa 
to each other aa do the nurth and south poles of the magnet. 
Fic. 14. 
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Msohines for developing slalira electneity are umillj- msde 
„f.Bl.«. dUc mounted on ahomontal ail., and nrned by . 
orant Frietlon i. can.ed by two rubber., covered with amalgam 
• ^h .X of the disc regulated by a screw, and connected 
W chin w th the oLth Th'e eleotric'.l condition of the glas. 
1m i. disw'bed by the friction, and the po.tt.ve electrjc.ty ,. 
plate u aisiuroo , _^^lj ^^^^^ connected with 

S" 1 Znductor and'bronght near the' revolving plate In 
fhe CzmacSM 'which i. ?he one now. generally n.ed, the 

tbb?r. "re d1ien,;d with, and 'f" f '""'|.tS''l1) 'f^ 
induction of a body previously electrified, (bee I ig. 14.; xs^ 
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Ik detailed deecription of thia machine the student U referred to 
I works on physics. Static electricity is capable ut giving lUl the 1 
effects of galvanic or Faradic currents, when properly managed. 
It may also be used instead of the electric bath. 

62. Physiological Effects of Electricity. — Electric cur- 
rents exert a marked physiological effect upon nerves, muscles, 
and the circulation of the human body, when they are made a 
part of the circuit. A constant or galvanic current has a re- 
freshing effect upon a nerve through which it is passed, as well 
as upon a muscle, the latter being able to perform more work 
under its influence than without it. Uoder its intluence the cir- 
culation of the blood may be increased in any part of the body, 
which lasts for aome time after the electrodes have been with- 
drawn. The physiological effect of the negative pole seems to 
be greater than that of the positive. The interrupted, induced, 
or Faradaic current stimulates nerves most when passed in the 
direction of the natural nerve current ; this seems to be its prin- 
cipal physiological effect. 

For more extended remarks upon this part of the subject the 
student is referred to one or more of the manuals* upon the 
Bubjeot. 

63. Chemical Effects of Electric Currents. — When a 
strong galvanic current is passed through a vessel of water con- 
taining a little sulphuric acid, the liquid is decomposed, hydrogen 
gaa is given off at the negative pole, and oxygen at the positive. 
This process is called electrolysis. If we perform the same 
experiment with a solution of a salt of one of the metals, the metal 
appears at the negative, and the negative element or radical 
appears at the positive pole. If the same current be passed 
through an animal tissue, the following changes take place : The 
water in the tissue Is decomposed, the hydrogen appears at 
the negative pole, along with the metals of the salts, while the 
oxygen, with the non'metals or acid radicals, appear at the 
positive. The nascent oxygen surrounding the positive pole* 
attacks the neighboring tissues and converts tbem into a hard 
eschar, while the alkalies at the other pole exercise their caustic 
properties and form a soft, frothy mass, containing hydrogen gaa 
in small bubbles. 

When a sufficiently strong and somewhat prolonged current is 
applied to the skin a similar effect to the above is produced at the 
point of contact of the electrodes. At the positive electrode the 
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ekin first bccoraea red, with a burning sensation, then an eschar is 
produced with no acid reaction of the tissues. The eschar re- 
sembles that produced by a strong acid. At the negative elec- 
trode there is a vesicle formed with an alkaline liquid ; iftbeac- 
tion be prolonged more extensive ulceration takes place.* From 
this it will be seen that strong currents should be used with care. 
The effects of the magneto-electric current are very similnr to if 
not identical with those of the galTenic current. Recently the 
ub6 of frictional electricity in the treatment of disease has been 
revived and advised as a substitute for Faradic electricity. The _ 
effects of this form of electricity have not been so well studied as 
those' of the Faradic and galvanic, but clinical results seem 
til indicate that its effects are even more pronounced than those 
of the hitter. 

fi4. Chemical Effects of the Galvanic Current Outside 
of the Body. — \\\' have seen that when acurreut of electricity 
from a battery or a magneto -electric machine is passed through 
a solution of the salts of the metals, they are decomposed, the 
metal appearing at the negative, and the negative radical at the 
positive pole. 

The salts of some of the metals — the earths and alkalies — re 
quire a very strong current, while some of the other metals do 
not require more than the current of one or two ordinary Le- 
clanch^ cups. If the current used be not too strong, the metal 
is deposited upon the negative electrode in a compact, tenacious 
form, adheres very firmly to the surtace, and is capable of taking 
a polish. For this reason, the process of depoiiiting metals upon 
the surface of other metals has come into extensive use in the 
arts of electro-plating and electrotyping. The principal metals 
used to deposit upon others, in this way, are gold, silver, copper 
and nickel. The objects to be attained are to protect easily 
oxidizable metals from rust, to preserve a brilliant surface, and 
to coat cheaper metaie with the more valuable ones. This pro- 
cess is known as electro -plating. Only the outlines of these 
operations can bo described here. 

65. Electro -Metallurgy or Electro -plating. — Silver and 
copper are more easily deposited than most other metals. The 
strength of current needed to deposit these metals is rather feeble, 
■ unless the surface to be coated is large. The quantity of elec- 
tricity should be varied according to the surface to be coated; 
larger surfaces requiring a stronger current than smaller ones. 



* De Watteville, pp. 33 and 84. 
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The strength of the solution of the metal to be deposited, will be 
governed somewhat by the material composing the article to be 
plated and the strength of the current, and will have to be de- 
termined es peri men tally by the beginner. When the proper 
strength of solution, current, etc., have been found, these should 
be kept as nearly constant as possible. The plating solution may 
be kept of constant strength by suspending from the positive 
pole of the battery a plate of the same metal contained in the 
solution, the size of which should be nearly equal to the size of 
Jke article to be plated. 

I 66. Preparation of the Surface to be Coated.— The 
Sirticle to be plated must be thoroughly cleansed from rust and 
grease, and then, without handling with the fingers, suBpended 
in the solution, taking care that no bubbles of air are left cling- , 
ing to its surface. It should be suspended from the negative 
pole (that coming from the zinc of the battery). To insure 
thorough cleansing, the article is to be polished as free as pos- 
sible from rust, dipped in dilute sulphuric or hydrochloric acid, 
thoroughly washed, and dipped into a solution of caustic soda, 
potash, or ammonia, to remove grease, again washed, and put 
into the plating fluid without drying or handling. The current 
is immediately connected and allowed to pass for a few minutes, 
or until a complete coating has been deposited. The article is 
then removed and burnished with a soft brush and a little whit- 
ing or precipitated chalk, thoroughly cleansed, and returned to 
the solution, and the deposition allowed to proceed with one or 
two repetitions of the burnishioe process. In the case of silver, 
the labor of burnishing may be lessened somewhat by the addi- 
tion of -1 or 5 drops of bisulphide of carbon to each pint of the 
plating solution. 

67. Preparation of the Solutions. —The composition of 
the solutions varies some what, according to the kind of surface to 

plated. 

The Copper Solution used to deposit upon copper, brass, 
*hite metal, and all metals which are more electro-negative than 
itself (See Art. 86), is a solution of copper sulphate in water. 
If a more electro-positive metal, like iron, lead, or zinc Is to be 

Elated, the double cyanide of copper and pDtassium is to be used. 
f a strip of clean iron be plunged into a solution of copper 
fiilphate, a brown-red non-adherent deposit immediately takes 
pluee, without the aid of the current. It is iherefore necessary 
ill employ a solvent for the capper which shall have a differeiit 
ttlative affinity for the copper and iron from that which the acids 




54 MEDICAL CHEMISTRY. 

have. Such a solution is the one mentioned. The solution may 
be prepared as follows : 1. Take a solution of copper sulphate, 
and add to it a solution of potassium cyanide or potassium ferro* 
cyanide until a precipitate ceases to form. Allow the precipitate 
to settle, and pour off the clear liquid. Add some water, allow it 
to settle, and again pour off. Repeat this process three or four 
times. Then pour upon the precipitate a solution of potass, 
cyanide (2 lbs. to 1 gal. water), until the precipitate dissolves ; 
it is then ready for use. 2. Or, we may suspend the article to 
be plated (from a wire of zinc?) in a solution made acid with tar- 
taric acid, and then made very strongly alkaline with an excess 
of sodium hydrate. Oubry first covers the iron with a layer of 
some substance which is impervious to acids. He then renders 
this layer conducting by rubbing it with graphite or plumbago. 
Results, good. 

Silver Solution. — The silver solution generally used is 
made as follows : — 

K. Potass, cyanide 4 oz. 

Silver cyanide H oz. 

Water 1 gal. 

The Potass, cyanide is dissolved in the water, filtered, if not 
clear, and the silver cyanide stirred into the solution until it all 
dissolves. This solution contains 1 oz. of silver in the gallon. 
Another method : Dissolve a fifty-cent piece in dilute nitric acid. 
Add a solution of salt until it ceases to produce a precipitate. 
This precipitates the silver but leaves the copper of the coin in 
the solution. Now filter, pour off the liquid as described above 
in the preparation of the copper sol ution. The moist residue is now 
to be dissolved in a pint of water in which H oz. of potass, cyanide 
has been dissolved, when the solution is ready for use. All these 
solutions should be used at about the temperature of 70° to 80° P. 

Gold Solution. — This solution may be made as follows: — 

R. Potass, cyanide 2 oz. 

Gold cyanide 55 gr. 

Water 1 pint. 

The potass, cyanide should be quite pure. The solution should 
be used hot — from 130° to 150° F. The solution for plating with 
nickel, is made by dissolving the sulphate of nickel and ammo- 
nium in water, in quantity sufiicient to give it a grass-green 
color. It requires a stronger current to deposit nickel and gold 
than the other metals mentioned. For further instructions in 
the preparation and use of electro-plating solutions the student is 
rpferred to a special work upon this subject. 
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I SOLUTION, DIFFUSION AND DIALYSIS. 

■ 68. Solution. — Tbe power of water to (JiBsolve eubstancee 
F'ie one of the most familiar of its properties. All liqiiidB possess 
*tbe Bame power to a greater or less extent ; but liquids vary 
greatly in their Bolveut power, which is usually limited to & 
certain class of budies. ' Thus, meruuiy will dissolve a number 
of the metals ; alcohol is the proper solvent for the resins, ether 
for the fats and some gums, and water for the ordinary metallic 
salts. Water is by far the most universal solvent, and for this 
reason it is coimnonly used as the medium of chemical changes. 

The solvent power of water varies greatly with difTcrent solids. 
While some bodies absorb water from the air and become lique- 
iied, or deliquesce, others require several hundred times tbeir 
weight of water to dissolve them, and some will not dissolve in 
it at all. Asa general rule, the solvent power of water for solids 
increases with the temperature; but there are a few exceptions to 
this rule. 

By the solubility of a substance, is meant the amount of the 
substance which will be taken up by the solvent. The solubility 
of a substance is absolutely definite at a given temperature, and 
the amount which 100 parts of water will take has been deter- 
mined with every known substance. 

A knowledge of the solubility of ordinary solids is very im- 
portant to the medical student as well as to the chemist. The 
law of compatibles is really the law of solubilities. A table 
will he found in the Appendix giving the approximate solubiiity 
of those salts most commonly met with, and which the student 
should refer to whenever the question of solubility is spoken of. 
When a liquid has dissolved all of a solid that iC can take up, 
it is said to be saturated at that temperature but saturation 
uf a liquid with one solid dues not prevent it from dissolving 
others, and, in some cases, the solvent power of tbe li juid is 
thereby increased. When two or more salts are dissolved in a 
liquid, an exchange of the metals and acids may tjike place ac- 
cording to the laws of Berthelet, modified by the strenj,th of the 
affinities of the radicals present. 

69. Solution of Gases, — Most liquids dis-sohe gasea as well 
Bsolids. The quantity of a gas which 1 c.c. of any liquid will 

solve, when the pressure of the gas upon it b n ailed 

k coefficient of absorption. As in solids, tb fb nt must 

jGl determined by experiment for each gas ; but a a 1 th s 

as the temperature increases, althou h a h ga bej 
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D rule of its own, which can be detcrminod only by experiment. 
The volume of gns absorbed by a liijuid at any given tempera- 
ture is the flnmo, whatever the pressure. The quantity of gaa 
diHBolved, therefi)re, increases and decreases with the pressure. 
When a liquid is exjioscd to a mistiire of gases, it dissolvee each 
ill the same proportion as if it alone were present and exerting 
tta own share of the total pressure. Thus when the air, a mix- 
ture of oxygen and nitrogen in the proportion of 1 to 4 respect- 
ively, is exposed to a mass of water, we find that the gases are 
absorbed by the water, in the proportion of 1 to 1.87 re- 
spectively. 

70. Nature of Solution. — The term solution embraces 
two entirely different processes. The one a mechanical or phys- 
ical, and the other a chemical process. In phpical solution the 
identity of the solid is preserved, as well as that of the water; 
and by evaporation of the water we may obtain it again un- 
changed. In some cases there seems to be no manifestation of 
chemical action between the water and the solid ; as when sugar 
dissolves in it. In other cases, which seem at first sight to 
be equally simple, there is heat developed, or heat absorbed, 
which, with other things, leads us to suppose that in these caaee 
there ifi a true but feeble chemical union of the salt with the 
solvent. When the solid separates again in crystals it takes a 
part or all of the water with it as water of crystallization. Sim- 
ple solution in water may be regarded, in some cases, as a mere 
overcoming of cohesion of the solid by the adhesion of the liquid 
to the solid ; while in others, it is a feeble combination of the 
eiilid with the water, and then the difiiision of this compound 
through the remaining water. The metallic alloys are in some 
cases mere mixtures, and in others they seem to be veritable 
compounds. When a metal dissolves in a dilute add, there is, 
at first, a chemical action between the acid and metal, by which 
a Moluble compound is formed. This then dissolves in the water 
pfMent, as above described. This double process is sometimes 
termed chemical solution. 

71. Diffusion of Liquids. — When one liquid dissolves in 
another the process is called liquid diffusion. If upon the 
holtom of a vessel containing pure water, we pour some water 
colored with a little aniline red, by delivering it through a tube 
<ti) HH to prevent the mingling of the two, and then allow the 
vessel to remain at rest for some hours, the color will be found 
to have diH'uaed itself throughout the water. 

If Instead of a colored jw<«^^^8^a^trong solution of com- 
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mon BttU, having a high specific gravity, wc shall find by appro- 

friute tests that the salt has passed Ihruughout the entire liquid. 
he rate of diffusion in these cases increases, for all substances, 
with the temperature. This is becauno the rapidity of motion of 
the molecules, to which we ascribe the phenomena of heat, in- 
creases with the temperature, 

72. Dialysis.— If. in the experiment of the last section, wc 
should interpose a porous partition of earthenware or parchment 
between the salt solution and the pure water, the result would 
be the same ; the salt would pass through the partition into 
the water. If, however, wo use on one side of the partition 
a colloidal substance like gelatine or albumen, we shall find that 
almost none of this body passes through it into the water. Easily 
crystal I izable bodies pass through the membranes with ease, while 
those which do not crystallize — called colloids — pass with great 
difficulty. This property of bodies is made use of to separate 
the one class from the other. The process of the passage of 
liquids through porous membranes is called osmosis. The 
dialyser is an apparatus consisting of a shallow vessel pro- 
vided with a bottom of parchment or some porous membrane, 
into which the solution to be dialysed is placed, and the vessel is 
then floated upon pure water in a larger vessel. 
(See Fig. 15.) The volume of the waterahould Fii;. 15. 

be 8 or 10. times that of the solution to be dia- . 
lysed. In the course of two or three days the 
crystalline bodies in the solution will be found 
in the water of the outer vessel, and the colloid 
bodies will be in the dialyser. 

Dialysis is employed to prepare a pure colloid 
material by dialysiug from it all crystal 1 izable 
salts. A complex mixture, like the contents of 
a stomach, is submitted to dialysis for the pur- 
pose of separating from it the crystalloids which it may contain, 
80 as to get therq in a pure watery solution for analysis. Re- 
cently a series of " dialysates " of the alkaloids have found 
their way intct the market. These are the dialysed infusions of 
the crude drug. 

CRYSTALLOGRAPHY. 

73. Formation of Crystals. — When suttstances change to 
the solid form, from the melted state or from a solution, many of 
them assume some regular geometrical form, called a crystal. 
The process is called crystallization. The same substance 
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are nearly free from impurities. We therefore take advantage of this 
method to purify substances. 

74. V/atGT of Crystallization. — Most substances, when 
they separate from a solution, take with them a certain definite 
amount of water as a necessary part of the crystal. This water 
is known as water of crystallization. The crystals of a 
given substance, when deposited at the same temperature, always 
contain the same amount of water. Thus, the crystals of copper 
sulphate contain five molecules of water for one of the salt, and 
the formula of the crystal is written thus : — 

Cu S04. 5H2O or Cu SO4. 5Aq. 

Ferrous sulphate crystals have the formula Fe SO 4. THgO 

Sodium carbonate ** ** '' Na2C03. IOH2O 

Alum ** " '' KaAlalSO^)^. 24H2O 

A few salts have different amounts of water of crystallization 
when separated at different temperatures. Thus crystals of 
manganous sulphate have the formula — 

Mn SO 4. 7H2O when crystallized below 6°C. ( 42.8°F.) 

Mn SO4. 5H2O '' '' between 7° and 20°C. (44° and 68°F.) 

Mn SO4. 4H2O ** " »* 20° and 30°C. (68° and 86°F.) 

The crystalline forms in these three cases are entirely different, 
showing that the molecules of water are necessary to the form of 
the crystal. The water, in these cases, is held by a feeble force, 
and may- generally be driven off* by exposing the crystal to a 
temperature of 100°C (212°F) in a dry atmosphere, when the 
crystals fall to powderi In some cases the crystals lose their 
water at ordinary temperatures and crumble to a powder. It is 
then said to effloresce. On the other hand, some dry sub- 
stances, when exposed to the air, absorb water. They are then 
said to deliquesce ; such a body is said to be deliquescent 
or hygroscopic. 

Silver nitrate, (Ag NO3), and a few other salts, crystallize 
without water of crystallization. 

75. Forms of Crystals. — A great variety of crystalline 
forms are met with, but for convenience of classification all may 
be included in six systems. These systems are based upon the 
number, length, and inclination of certain imaginary lines called 
axes, passing through the centre of the crystal and connecting 
opposite parallel sides, or opposite angles. 

The First, or Isometric System. — In this system the 
axes are three in number, arranged at right angles, and of equal 
length. The simplest form is the cube ; the axes in this case 
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of the other two. The eimplest form in this system is the oblique 

rhombic prism, (Fig. 27.) Borax, sulphates of sodium, calcium, 
and iron crystallize in this Byetem. 

Fio. 25. Fio. 26. Fio. 27. 




79. The Fifth, or Triclinic System.— In this system the 
three axes are all unequal, and all inclined to each other. The 
crystals of this system are usually very complicated, and seem- 
mgly irregular, (See Figs. 28, 29 and 30,) Boracic acid, and 
copper sulphate are examples. 

Fio. 28. Fco. 20. Fio. 80, 
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80. The Sixth, or Hexagonal System. — In this system 
there are four axes. Three of tliem are arranged in one plane, 

making an angle of 60° with each other, and the fourth, longer 
or shorter, is set at right angles to the plane of the other three. 
The prism of this system has eight faces ; the bases are regular 
hexagons, and the other six are parallelograms. The prism of 
this system is frequently modified by the dodecahedron, as in 
Fig. 32. Snow crystals, ice, Iceland spar, and quartz, are 
examples of bodies which crystallize in this system. 
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THEORETICAL CHEMISTRY. 

81. Molecules. — A molecule has been defined as a col- 
lection of atoms held together by chemism or affinity, in such 
a way as to neutralize their tendency to combine with outside 
atoms. 

Hence, a molecule may be defined as the smallest portion of 
matter that can remain in the free or uncombined state. When 
the atoms composing a molecule are of the same kind it is said 
to be elemental or simple ; when of different kinds it is called 
a compound molecule. 

When, by chemical means, we cause a re-arrangement of the 
atoms of compound molecules, we may obtain two or more kinds 
of elemental molecules ; but with elemental molecules we only 
obtain the same kind. We may illustrate this by the following 
formulae : — 

Let ab and ab represent two compound molecules. By a re-arrange- 
ment we may have aa and bb. If we take aa and aa we will not be able 
to obtain anything else but aa and aa. 

If we take the molecules represented by HOH and HOH, 
and cause the re-arrangement by a strong electric current, 
we shall have HH, HH and OO, or two kinds of molecules 
entirely different from the original molecules and from each 
other. 

If, on the other hand, a current of electricity be caused to 
pass through either HH -f HH, or 00 + 00, we will only 
obtain HH and HH, or 00 and 00. By this and other methods 
known to chemists, about 70 elemental molecules or different 
kinds of atoms have been discovered. By a chemical element, 
then, we mean a substance that has never been found to contain 
more than one kind of atoms ; and a compound body is one that 
has been shown to contain more than one kind of matter or 
atoms. These 70 different molecules or atoms have each received 
a separate name ; the name of the molecule and that of the cor- 
responding element being the same. These names are given in 
the first column of the following table : — 

63 
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NAME. 


i 


QUANTITALENCE. 


SPECIFIC 
GRAVITY. 


ATOMIC 
WEIGHT. 


REVUED 
ATOMIC 
WEIGHT. 






« 












34 Mangane- 


Mn. 


II, IV, (Mnjvi 


8 


56 


63.906 4- 


siurn. 
36 Mercurv( Hy- 
drargyrum). 


Hg. 


(Hga)" II. 


f 13.6 
I (D-lOO) 


/200 

I (L— 8.96) 


199.712 


-f 


36 Molybdenum 


Mo. 


//, /r, VI. 


8.6 


96 


96.627 




37 Nickel. 


Ni. 


II, IV, (m.yi 


8.8 


68 


67.928 


4- 


38 Nitrogen. 


N. 


I III, V, 


14 


14 


14.021 




39 Osmium. 


Os. 


II, IV, VL 


21.4 


199 


198.494 


+ 


40 Oxygen. 


0. 


II. 


16 


f 16 

\ (L-1.43) 


16.963 




41 Palladium. 


Pd. 


//, IV. 


11.6 
f 2.2 


106 


105.737 


-h 


42 Phosphorus. 


P. 


Ill, V, 


\ 1.83 
21.6 


31 


30.958 




43 Platinum. 


Pt. 


II, IV. 


197 


196.700 


+ 


44 Potassium 

(Kalium). 


K. 


I, ///, V. 


f .86 
tD-39.1 


( 39.1 
( (L -3.5) 


39.019 


+ 


46 Rhodium. 


Ro. 


II, IV, VL 


11 


101.4 


104.055 


-\- 


46 Rubidium. 


Rb. 


I. 


• • • 


85.50 


85.251 




47 Ruthenium. 


Ru. 


//, IV, VL 


11.4 


104.4 


104.217 




48 Selenium. 


Se. 


II, iF, VL 


4.8 


79 


78.797 




49 Silicon. 


Si. 


II, IV. 


2.6 


28 


28.195 




60 Silver 


Ag. 


I, IIL 


10.5 


108 


107.676| + 


(Argentum). 
61 Sodium 

(Natrium). 


Na. 


I, IIL 


/ .97 
ID— 23 


f 23 
C(L-2.06) 


22.998 


--■- 


62 Strontium. 


Sr. 


II, IV. 2.54 


87.5 


87.374 




63 Sulphur. 


S. 


II, IV, VL 


ID -32 


/ 32 

l(L---2.86) 


31.984 




64 Tant-alum. 


Ta. 


V. 


10.78 


182 


182.144 




65 Tellurium. 


Te. 


II, IV, VL 


6.6 


128 


127.960 




56 Thallium. 


Tl. 


I, ///. 


11.8 


204 


203.715 




57 Terbium. 


Ter. 


• • • 


7.9 


148.5 


• • • 




68 Thorium. 


Th. 


//, IV. 


7.9 


231 


231.500 




59 Tin (Sr^n- 


Sn. 


//, IV. 


7.3 


118 


117.698 


-.._ 


num). 














60 Titanium. 


Ti. 


//, IV. 


• • • 


50 


49.846 




61 Tungs'en 


Wo. 


IV, VI. 


17.6 


184 


183.610 




(Wolfram*. 














62 Uranium. 


Ur. 


II, IV, (Urjvi 


18.4 


240 


239.482 


-, _ 


63 Vanadium. 


V. 


III, V, {V,)yi 

(V,)viii 


• • • 


61.3 


51.256 




64 Yttrium. 


Yt. 


11. 


4.8 


92.5 


89.816 


+ 


65 Zinc. 


Zn. 


II. 


{d--32.5 


65 


64.904 


+ 


66 Zirconium. 
1.* 


Zr. 


//, IV. 


4.1 


89.5 


89.367 


1 
-r 
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The following named elements have been omitted from the above table, 
their identity not being yet thoroughly established : — 





• 








o 




ATOMIC 


NAME. 


n 


QUANTIVALENCE. 










WEIGHT. 




QQ 






67 Decipium. 


Dp. 
Ho. 


//. 


160 


68 Holmium. 




162 


69 Ilmenium. 


11. 


F. 


105 


70 Lavorsinm. 


Lv. 


? 


? 


71 Mosandiium. 


Ms. 


? 


? 


72 Neptunium. 


Np. 


F. 


118 


73 Philipium. 


Pp. 


//, 


74 


74 Scandium. 


Sc. 


• //. 


44 


75 Thulium. 


Tm. 




170 


76 Ytterbium. 


Yb. 


//. 


173? 



83. Molecular Weights. — Molecules, whether elemeDtal or 
compouDd, must have a definite size and weight. The absolute 
weight of molecules and atoms is of no practical value to the 
chemist, but the comparative weights of molecules we shall find 
to be of vast importance. In weighing molecules we use the 
lightest known atom as the unit of weight. This atom is that of 
hydrogen. The relative weights of molecules have all been 
measured, and in expressing their weights our numbers express 
how many times heavier the molecule is than the hydrogen 
atom. Thus, the molecular weight of oxygen is 32. That is, 
the molecule of oxygen weighs as much as 32 atoms of hydrogen. 

Molecular "weight, then, is the weight of a molecule as com- 
pared with the weight of the hydrogen atom. 

84. Avogadro's or Ampere's Law. — This law was first 
enunciated by Avogadro, an Italian physicist, in 1811, and was 
reproduced by Amp^^e, a French physicist, in 1814. The law has 
already been stated (see chapter on gaseous state) as follows : — 
E(|ual volumes of all true gases, when at the same tempera- 
ture and under the same pressure, contain the same number of 
molecules. That is to say, a litre of any given gas, under the 
same conditions of temperature and pressure, always contains the 
same number of molecules, whatever the nature or composition 
of the molecules composing the gas. As a natural conclusion 
from this law, we have the following : First. — Gaseous mole- 
cule:? always occupy the stiinc space , /. c, the molecule, together 

h the intervening space, always occupies the same volume. 
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Second. — Since the same volume contains the same number of 
molecules, it follows that the weights of equal volumes of any 
two gases (under like conditions as above), will be the weights of 
the same number of molecules. Hence, the two weights will 
stand in the same proportion to each other as the weights of their 
molecules. 

Thus, suppose equal volumes of hydrogen and oxygen gases, large 
enough to contain 10,000 molecules each; the weights of these gases will 
be in the one case 10,000 times the weight of one molecule of hydrogen, 
and in the other 10,000 times the weight of one molecule of oxygen, and 
these numbers must be to each other as the weight of 1 molecule of 
hydrogen to 1 molecule of oxygen. This law is the basis of many of our 
modern chemical notions. It is to chemistry what Newton's law of gravi- 
tation was to the science of astronomy. This is not the place to enter 
into the discussion of the proofs of this law. Suffice it to say, that it 
rests on about as strong proof as any other law of physics or chemistry, 
or as the law of gravitation itself. As the present science of astronomy 
is the living proof of the one, so the present science of chemistry is one 
combined proof of the other. 

85. Number of Atoms in Elemental Molecules. — We 
may determine the number of atoms in many elemental mole- 
cules by a simple application of Avogadro's law to well known 
experiments. 

This demonstration may be illustrated by reference to the behavior of 
the two gases, chlorine and hydrogen. 

Into a glass tube inverted over mercury, put equal volumes of the two 
gases, and allow the apparatus to stand in diffuse light. After some hours, 
the greenish color or the mixture will have entirely disappeared, the 
gases having combined to form the colorless hydrochloric acid. The 
mercury stands at the same height in the tube as at the beginning of the 
experiment. The volume of the hydrochloric acid is therefore just equal 
to the volume of both constituents. 

Let the following diagram represent this combination : — 



H 




CI 





= H CI 



1000 



+ 



1000 = 



2000 



Since the volume of the hydrogen and that of the chlorine are equal, 
it is clear, from the law, that the number of molecules of each will be 
the same ; also, the number of molecules of the hydrochloric acid gas 
must be equal to the sum of the molecules of the two gases used. Sup- 
pose, for illustration, that the volume of hydrogen taken contained 1000 
molecules ; then there will be 1000 molecules of chlorine, and 2000 mole- 
cules of hydrochloric acid, the volume of this gas being twice that of 



m 
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hyf\tttifft$. Ka/:h of the 2000 molecales of hydrochloric acid most con- 
iittii Hti Hiittit ti( hydrogen and one of chlorine ; hence, 2000 atoms of 
f$tt',h (ff lUf.nt; i:\itmuutH have been derived from 1000 molecules of the 
nuttt*', Htt*\ i)ittr*ifon: iutfU rfiol(;cul(; must have furnished two atoms. 

Kx\HirUiU'.uUi fjuitc ha deciHive have been made to show that in 
wiit^rr, th<5 2 volufiKJH of hydrogen and 1 volume of oxygen pro- 
tlurA*. only 2 volum(;H of water-vapor. Thus: — 

V 



II 



II 



2(H)() 



H- O 



i 1000 = 




2000 



hy th<i HiiiiHi rcHHoning wc may show that each molecule of 
oKyi^iMi (ioiitaitiM two atoms; also, that each molecule of water 
niiiNt (contain two atotuH of hydrogen to one of oxygen, instead 
of onr, liN fonnorly taught. 

MoH(. nf i\w inoh'('uh»H of elementary substances contain two 

ivtoniH ; or, in othnr words, are diatomic. Mercury, cadmium, 

/.Inn, itiid biiriinn, howiwor, contain but one atom in each mole- 

(Miln, Oxygon, hh ozone, contains three atoms. Phosphorus 

hihI itrHPttK^ (Mtntaiu four atoms. Sulphur at lower temperatures 

ooiitaiiiH nix, whih' at higher temperatures it contains only two. 

Soino mnloiMilps whioh u( orilinury temperatures contain two atoms in 
ihod* UM)l(MMiU«H, lirouU up or dissooiate, as it is t-ermed, at very high 
ioinponilui'OH. TIiu.m ohiorino, bromiiio, and iodine, which at a moderate 
IhmH nro (Imhimio. at a vorv hijjh ttMuperatiiro, 800 C, begin to dissociate, 
imhI hiMMMuo nu>nuloniio ut tho !itron,&;ost furnaro heat. Many compounds 
\\\\{\\\^ winuo \\\\\\\i, [Wiii n.j, N.j(>..,Xj04). 11^*^ ii^w of Ampere is, there- 
\W\\ h'uo only u( uuulorato tomporatun^s. 

80. Molecular Weight, Determined by the Law of 
Avv>^ittdro. It has just luHni shown that the molecule of 
hvdn^pM* is <HMupi>siHl of two atoms. Wo have already de- 
Hnod uudoouhu' woight* as tho weight of a molecule in units of 
hvdiH^^^u atou\s. It n«\y also Ih^ dotinoii as the sum of the 
Nvoiulus K\( its ov>nsliluoul atoms. Tho molecular w^ht of 
hyd\N\;tivn is ihoivtoiv l + U or 2. SupjHv^o. for example, we 
NNoiikih ^H^ual Y\>luiuos o( hvdn^goa and oxygon pisos under like 
^^^U\li^iv*us ot* tom|HTaturi^ and pr^\>sur^\ and find tho weights to 
U\^ »\\H|Hvtivoly I and h\;rn\mmos, li follows that the molecules 
of' th\\^\^ vi;\si\s ar\^ to oaoh other :v^ I to U\ for» aoov^rvlinir to the 
laxx, ^N^u^h vvntaius the S5uno uumlvr of invde\*u!os. As the mole- 
ouUu^ xxvicht \^t* hYvlr\\rtn\ has Ixvn shvnvu iv^ Iv -, ii follows that 
lUo HuoUvular wotirhi ^xf vxxv^^u must bo U:2, for ;>2 boars the 
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same ratio to 2, that 16 does to 1. 1 : 16 : : 2 : 32. From this 
it will be seen that the molecular weight of oxygen is twice its 
density, or its specific gravity as compared with hydrogen. The 
same reasoning applies to all other gases, whether Elemental or 
compound, and we may state this fact as follows : The mole- 
cular weight of any body is twice its density in the 
state of gas. The converse of this statement is also true, viz. : 
the density of a gas is one-half its molecular weight. 

PROPERTIES OF ATOMS. 

87. Definition. — An atom is the smallest conceivable portion 
of matter. It is the smallest portion of an element that can enter 
into the formation of a molecule, or take part in a chemical re- 
action. 

The student should strive to clearly comprehend the difference 
between a molecule and an atom. The former is a collection of 
the latter held together by an attraction called chemism or chem- 
ical affinity. Molecules are destructible; they may be broken 
up and their properties destroyed. The atom, on the other hand, 
is an indestructible solid particle, whose properties, so far as we 
know, are never destroyed. 

As to the properties of molecules, we conceive that they have 
size, weight, form, color, etc. 

88. Atomic Weight. — Atoms differ from one another in 
their weight, and the quality and the quantity of their combin- 
ing power. Further than this we have no certain knowledge of 
their properties. 

The weight of an atom of any given element is always the 
same. In weighing atoms we do not take the absolute weight, 
but the relative weight, using the hydrogen atom as the unit. 
The atomic weight of any element expresses the number of 
times its atom is heavier than the atom of hydrogen. The atomic 
weight of oxygen is 16 ; i, e., the atom weighs 16 times as much 
as the atom of hydrogen. The atomic weights of the elements 
will be found in the table, Art. 82. 

89. Quality of Combining Power. — Polarity of the 
Atoms. — We have seen (Art. 64) that when a current of elec- 
tricity is sent through a solution of a metallic salt, the metal 
collects about the negative electrode, while the non-metallic part 
of the salt appears at the positive. 

Most metallic compounds are capable of decomposition by 
electrolysis, and the molecule seems to be divided into two parts; 
one of which is attracted to the positive and the other to the 
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negative electrode. We have apen (Art. 44) that two bodies, 
similarly polarized, repel esch other, while bodies oppositely 
polarized attract each other. We coDclude, therefore, that those 
atoms which' are attracted by the negative pole of the galvanic 
current are positively polarized, while the others are negatively 
polarized. This is what is meant by the difference in the quality 
of combining power. Positive and negative, as applied to the 
polarity of atoms, ia not absolute but relative ; and the polarity 
of an atom may be changed, by the inducing action of another 
atom, from positive to negative, or vice versa. As a general 
rale, the metallic atoms are positive, and the non-metallic 
negative. 

When Beveral Bloma are brought into contact with each other, thoBe 
having similHr polurit; repe! one another, as do other hodie!) that are 
of like polarity, while those having diftering polarity attract one another; 
hence, union or combination can oul; take place between atoms that are 
unlike in their electric quality. 

In the following table the elements are so placed that each one 
ia electro-negative to those below, and electro-positive to those 
above it. 



Negative End — 


Negative End — . 


Nmativt End —. J 


Oxygen. 


Silicon. 


Iron. 1 




aS'""- 


Zinc. m 


Nitrogen. 


£X=. J 


Fluorine. 


Osminm. 


Chlorine. 


Iridium. 


Didymium. ■ 


Bromine. 


Platinom. 


Cerium. ■ 


Iodine. 


Rhodium. 


Thorium. ^ 


Selenium. 




Zirconium. i^^^^H 


Phosphorus. 






Arsenic. 


Mercury. 


^^^H 


Ciircmium. 


Silver. 


Yttrium. ^^^H 


Vanadium. 


Copper. 




Moljbdenuni. 


Uranium. 


Magueuull>.-^^^H 


TimgEiten. 


Bismutli. 


^^^^M 


Burnn. 


Tin. 


Strontiom. ^^^M 


Carbon. 


Indium. 


^^^^^M 


Antimony. 


Lead, 


.^^^H 


Telluriuni. 


Cadmium. 


^^^^M 


Tantalum. 


Thallium. 


Potaasium. ^^^^^H 


Columhium. 


Cobalt. 


Rubidium. ^^^^^1 


Titanium. 


Nickel. 


Cesium. ^^^H 


JPimtive End +. 


Fosidce End +. 


Positive End +. 


90. Quantity 


of Combining Power. — By an analysis of a 


large number of 


compounds of hydrogen 


with other elements, it 


has been found that while chlorine coinbi 


iwi with it in the pro^ 
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, 1 part of hydrogen to 35.5 



torlioD of itB atomic weight, i 
jartB of CI, 

Oxygen cumbines with 2 parts of H to 16 of O, 
Nitrogen " " 3 " of H to 14 of N, 

Carbon " " 4 " " " 12 " C, 

and 80 on ; so that the power of the atoms to attract and com- 
bine with hydrogen are not alike. This is expressed by saying 
that the equivaSence, or quantivalence, of the atom in cjueetiun is 
1, 2, 3, 4, 5, 6 or 7, according as it will attach to itself, be ex- 
changed for, or take the place in a molecule, of 1, 2, 3, 4, 5, 6, 
7, atoms of hydrogen, or their e(|uivaleDt. 
The chemical ei^uivalent of an atom, is an atom which can take' 
H itB place in a molecule. Atoms are divided into monads, dyads, 
^Uriads, tetrads, peulads, hexads, or heptads, according as they 
^Efian fis 1,2,3,4, 5, 6 or 7 atoms of hydrogen, or their equivalent. 
^B A monad is equivalent to u 

I 

■ Tl 



dyad " 


" to 2 monads 


triad " 


to 3 " 


tetrad " 


to 4 " 



A pentad ' 



to 5 



dashi 

Monad 



thut 



ivttlence of an atom i 



often 



or 1 monad and 1 dyad. 
2 dyada, or 1 monad and 

1 triad. 
a tetrad and 1 monad, a 

triad and 2 monads, or 

2 dyada and 1 monad, 
idicated to the eye by 



Dyiid 
Pen lad 



-O- 



Triad 



- Heplad — O— 



Tetrad — O— 
I 

It will be seen that the hydrogen atom is the unit of comparison 
in combining powers or equivalences, and the dashes represent 
the number of bonds or points of attraction, or poles of 
the atomic magnet. The equivalenceof an atom may also be 
expressed by a Itonmn niiineral placed above and to the right, 
thus:— H', O", Cl"',C",etc. Univalent, bivalent, trivalent, etc., 
are adjectives sometimes used as synonynioua with monad, dyad, 
triad, etc. 

CHEMICAL NOTATION. 

91. Symbols and Formulae, — In representing atoms and 

molecules to the eye, we make u.se of a aeries of aymbnls derived 

from the names of the elements themselves. This is usually the 

initial, letter of the English or Latin name, or in case two or 
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more names begin with the same letter, the initial with some 
other characteristic letter. Thus, on reference to the table in Art. 
82, we have B, Ba, Bi, Br, representing the atoms of boron, bari- 
um, bismuth and bromine respectively. In this book, a symbol 
is never used to represent the element in general, but a symbol 
always represents an atom, with all its properties, and nothing else. 

Formulae. — ^A formula is the sign of a molecule. It there- 
fore, represents a definite weight — the molecular weight ; and in 
the case of gases, always the same volume. Formulae are made 
up of symbols, as a molecule is made up of atoms ; and the 
atoms composing a molecule are all represented by symbols in 
the formula. Thus : HCl is a formula representing a molecule 
containing one atom or 1 part of hydrogen, and one atom or 35.5 
parts of chlorine. 

In writing formula), we write the symbols composing the mole- 
cule in juxtaposition, beginning with the more electro-positive. 
Thus: KOCl, HBr, etc. 

Multiplication of Molecules and Atoms. — When we 
wish to represent more than one atom, we use a small numeral at 
the right hand lower corner ; thus, O^, represents 2 atoms of 
oxygen, or, since the molecule of oxygen contains two atoms, this 
also represents the molecule. As* represents 4 atoms of arsenic, 
or since the molecule of arsenic contains four atoms, it is 
also the formula of a molecule of arsenic. When we wish to 
represent more than one molecule of a substance, we use full- 
sized numerals placed before the formula. 

Thus, 2H2O represents two molecules, each of which is com- 
posed of two atoms of hydrogen and one of oxygen. Or, we 
may inclose the formula in a parenthesis, and place a small 
numeral at the right hand lower corner, thus : (H20)2. Ex- 
amples : — 

H2SO4 represents 1 molecule, containing 2 atoms of hydrogen, 1 of 

sulphur, and 4 of oxygen. 
5H2SO4 represents 5 molecules of the same substance. 
3NH4NO3 represents 3 molecules, containing in each molecule two atoms 

of nitrogen, 4 atoms of hydrogen, and 3 atoms of oxygen ; *27 atoms in all. 
2K2Al2(S04)4 represents two molecules, containing in each molecule 2 

atoms of potassium, 2 atoms of aluminium, 4 atoms of sulphur, and 

16 atoms of oxygen ; 48 atoms in all. 

As the symbols always represent the atomic weights, we may 
reduce any formula to figures, or find its molecular weight, by 
adding together the w^eights of the symbols composing it. Let 
it be desired to find the molecular weight of H28O4. By refer- 
ence to the table in Art. 82, it will be seen that H2 = 2, H = 32 
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and 04 = 4 X 16 = 64. By adding together these three numbers 
we obtain 98, the weight of the molecule. An empirical for- 
inula is one which merely gives the kind and number of the 
atoms composing a molecule. A rational or graphic formula 
aims to show the arrangement of the atoms in the molecule, 
with relation to one another. 

Examples of empirical formulae : — 

HNO3, H2SO4, CUSO4 NaaCOg. 
Kational formulae for the same : — 
H_0-1V=^ H-0-<;.=0 Cn-^-Q=^ Na-0-p_Q 

Rational formulae are useful in giving us a more definite con- 
ception of the relations of the atoms to one another in the mole- 
cule. They have served as the guides in some of the most im- 
portant chemical discoveries of the present century; such as the 
discovery of the process of manufacturing artificial madder and 
indigo from coal tar products, by synthesis. 

92. Variation in Quantivalence. — By graphic formulae 
we are able to explain a fact that is always a matter of difficulty 
to the student, viz. : the variation of equivalence of atoms. 

There are two well known series of salts of mercury and 
copper, in which there is no real variation ; but, owing to the 
uniting of two atoms of the metals, each loses an available bond 
or point of attraction. The following formulae will render this 
clear : — 

PI Hg— CI. PI Cu— CI. 

Hg p| and I Cu~^ and | 

~^* Hg— CI. -^^ Cu— CI. 

In other cases, and under certain well known conditions which 
we can control in the laboratory, the atom which has previously 
existed as a dyad, suddenly becomes a tetrad, or a triad becomes 
a pentad, and so on. • 

These changes are always extremely puzzling to the student, 
and we shall dwell a little upon them. When ammonia gas 
for instance, (NH3), is absorbed by water, it combines with a 
molecule of the water and becomes NH4OH. If we represent 
the two molecules graphically, we have, 

N— H H— 0— IT— H. 

_H and H-JJ-H. 

As will be seen, two new points of attraction have made their 
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appearance upon the nitrogen atom. A large number of such 
cases are known, and the explanation is as follows : — 

The full quanti valence, or atomicity of nitrogen, is pentad. 
In the compound H,N, for some unknown reason, two poles of 
the atomic magnet neutralize each other, and so the combining 
power of the atom is lessened by two. This increase or diminu- 
tion of combining power always takes place in pairs, so that a 
dyad may become a tetrad, but not a triad. A monad may be- 
come a triad or a pentad but never a dyad or tetrad. 

93. Other Signs used in Writing. — A plus sign between 
two formulae indicates that the substances, whose molecules they 
represent, are brought together. 

The minus sign indicates that the molecule following it is 
abstracted from the preceding one. The sign of equality is 
used to indicate that what follows, is the result of some change 
that has taken place. HCl+AgNOa^HNOa + AgCl shows 
that the molecules represented by the first two formulae have 
been brought together, and that a change has taken place 
resulting in the formation of the last two. 

94. Compound Radicals. — A radical or root of a series of 
compounds, is a characteristic atom or group running through all 
of them, like a root in language. Thus, the interrogative root runs 
through all that class of words, as who, which, when, ^vhat, 
etc. So, in chemical compounds we have a large numljer of 
potassium compounds, in which the atom K appears as the charac- 
teristic atom : As KNO3, KCIO3, K2CO3, K^SO* and KCl. It 
is therefore called the root or radical of these compounds. A 
single atom, which forms a series of characteristic compounds, is 
called a simple radical. 

Sometimes, instead of being a single atom, it is a group of 
atoms that is found to be the characteristic of a series of com- 
pounds. Thus, we have : (NHONO3, (NHOCl, (NH^NO,, 
(NH4)2S, etc., in which the characteristic radical is a group of 
atoms, or is a compound radical. • 

A compound radical may be regarded as a "group of atoms 
which behaves like a simple radical, or single atom. Like the 
single atom it only exists in combination with another atom or 
group of atoms ; for its bonds or points of attraction are not 
satisfied unless it be in combination. Compound radicals, like 
atoms, may be positive or negative. Each compound radical has 
a definite equivalence like the atoms. Some of them have re- 
ceived arbitrary names which do not express their composition, 
and in most cases end in yl. Thus, (PO)'", phosphoryl, 
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(H-O-y. hydroxyl, (CO)" carboDyl, (CH,y methyl, (CH^Y ethyl, 
(H4X)' ammonium^ (CX)' cyanogen, (NHjY amidogen. The last 
three are exceptions to the rule as to the ending. 

In writing the formula of these compound radicals, they may 
be regarded for the time as atoms of a compound nature. If 
we wish to represent that several similar compound radicals 
enter into the same molecule, we inclose the formula in a paren- 
thesis, and use the numerals as with atoms, thus, (NH4\jC03, 
Fe,(OH)e. 

In the following table will be found the more important elements 
arranged according to both quality and quantity of combining 
power. The elements at the top of the table are negative to all 
below them ; and those at the bottom are positive to all 
above. They are also divided into monad, dyad, triad, etc., some 
appearing in two or even three columns, because of their change 
of quantivalence. In the second table will be found the more 
common compound radicals, with the names of the classes of com- 
pounds they form, arranged, as far as possible, in the same order 
as the elements. In regard to their electrical order, much less 
certainty exists than with the elements. 

QUANTIVALENCE OF THE ELEMENTS. 



MONADe. 


Dtads. 


Triads. 


Tetrads. 


Pentads. 


Hexad. 




OxTgen 










Sulphur.... S 




Sulphur S 


Sulphur 


. S 


Nitrogen ... N 




Floorine ... F 




Nitrogen. N 










Chlorine... a 














Bromine ... Br 




PhosphorusP 






Phosphorus P 




Iodine I 




Arsenic... As 
Boron B 






Arsenic As 


Chromium pr 
MftiigaueseMn 






Antimony Sb Carbon 


c 












Silicon 


Si 






Hydrogen.. H 




Gfold Au 

Bismuth. Bi 


Platinum 

Tin 


Pt 

Sn 








Mercury ... Hg 




Iron 


Fe, 




Silver Ag 


Copper Cu 




Chromium. ... 


Cr 






Lead Pb 




Manganese... 


Mn 






Cadmium .. Cd 














Cobalt Co 














Nickel...... Ni 














Iron Fe 














Chromium. Cr 














Manganese Mn 














Zinc Zn 




Aluminum... 


. Ai: 






Magnesium Mg 














Calcium.... Ca 














Strontium.. Sr 














Barium Ba 












Sodium Na 














PotasBium. K 
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Compound Radicals with Names of Compounds they form. 



Monad. 



N(),.^Nitrato8 

ClOj Chlomtea 

NO, NitritoH 

C\ () ■^Hypocliloritus 

rn .ji >,-•- Ily |H>|)hoHphite«j 

CN OyanideH 

('allaO, Act'tates 

('allsO CartKjlatoa 
ralljOa- Lactatt'H 
NII« Atnmonium 
CH, Mftlivl 
('all, -Kthyl 



Dyad. 



S04=-Suli»hat«a 
< 'r 04*=Chroniate8 
Oa Oy—Bichromatea 
803-=Sul|>hite8 
CO, =^( 'arbonates 
C,04— Oxalates 
t^H^Oe^-Tartratei 
t'4n405— Malateg 
CjH^O,— Salicylates 



Hga^Mercurous Salts 
Cu a -"Cuprous Salts 



Tbiads. 



P04=Pho8phate8 
B03-=Borate8 
AsOs^Arsenites 
As 04^ArB6nate8 



CeH.Oy^Citrates 



Tetbads. 



Si O^^Silicates 
Pa07=Pyrophoephates 
Fe Cye=Ferroc3 anides 



Hex ADS. 



FejCy , 3=Ferricyamde6 
Ala=Aluininic Salts 
jCra=Chromic " 
! Mn2=l(Ianganic " 
lFe2=Ferric 



{( 



COMPOUND MOLECULES. 

95. Compound Molecules Classified. — The system of 
nomenclature now in use for naming chemical compounds, is 
based upon the composition and properties of the bodies in 
question ; and the name of a body is intended to express our idea 
of its chemical composition. Homogeneous bodies are supposed 
to be made up of a collection of similar molecules ; hence a 
formula which represents the composition of a single molecule, 
really represents the composition of the mass. In applying 
names to compounds, we apply the name to the molecule as well 
as to the mass. 

Compound bodies may be divided into two classes : 1st. Those 
whose molecule is composed of two kinds of atoms or radicals, 
called binary compounds, and 2d, those whose molecules are 
composed of three or more kinds of atoms or radicals, called ter- 
nary molecules. Examples : NaCl, KBr, MgClz, and (NH4)C1 
are examples of binary molecules. KCIO3, K2SO4, CaCOa, 
(NH4)N08 and Ba(N03)2 are examples of ternary molecules. 

Acids, Bases and Salts. — Ternary molecules are divided 
into acids, bases, and neutrals or salts. An acid is a 
substance which usually possesses a sour taste, corrodes the 
metals with the evolution of hydrogen and the formation of 
salts, changes blue vegetable colors to reds, and neutralizes the 
caustic properties of alkalies by forming salts with them. All 
acids contain hydrogen, which can be replaced by a metal. 
This hydrogen is united to the remaining portion of the mole- 
cule, either directly, as in binary acids, or by a linking atom, 
usually oxygen, as represented by the following graphic formulae : 
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The replaceable hydrogen of an acid is called basic hy- 
drogen, and the number of such atoms determines the basicity 
of the acid. A dibasic acid, for example, is one containing two 
atoms of basic hydrogen ; a tri-basic acid three, a tetra-basic acid 
four, and so on. When the linking atom in these ternary acids 
is oxygen, the name of ox-acids is applied to them. The term 
sulpho-acids is applied to those containing linking sulphur. 
A base has properties which in many respects are opposed to, 
and neutralize the effects of acids. They restore the vegetable 
blue colors reddened by acids, they neutralize the sour taste, they 
react upon acids to form salts, with the elimination of one or 
more molecules of water. The strong bases have a caustic ac- 
tion upon the tissues, decomposing the fats, with which they form 
soaps. 

A base may be defined, as a compound whose molecule is com- 
posed of a positive atom, or group of atoms, united by linking 
oxygen to hydrogen. The positive atom is, in most cases, me- 
tallic. As : 

rr n vr a — 0— H ^ —OH /O— H /OH ^ 
K— u— M, lia_Q_g ta_Qgr Bi— 0-H Fe— OH § 

\0— H I \0H t. 
I /-OH I 
Fe— OH O 

m 

m 

In the last formula we have an example of a compound radi- 
cal united to H by O. The bases are named hydrates.* 

A salt molecule is composed of a positive radical united by 
linking oxygen to a negative radical. The radicals, in this case, 
as in acids and bases, may be either simple or compound. Thus : 

K-O^Cl, K— 0— NO2, Na2=02=CO Ba=02=S02(NH4)— 0— NOg. 

It is evident, also, that a salt may be formed by treating an acid 
with a metal which replaces the hydrogen of the acid with 
metallic atoms. 



Zn+ Hai-Oa^SOz^ZnrOz^SOa + HH. 

It may be regarded, then, as an acid whose replaceable hy- 



* The above definition applies only to inorganic bases. 
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drogen atoms have been replaced by positive atoms or radicals. 
In a dibasic acid, like H — 0\o /O it is possible to replace one 

H— 0/^\0, 
of the atoms of hydrogen and leave the other undisturbed. We 
thus have, for example, H — 0\q/0 which exhibits the prop- 

K— 0/^\0, 
erties, and answers to the definition of both a salt and an acid. 
It has acid properties by virtue of the replaceable hydrogen, 
and saline properties by virtue of the other chain in which the 
K has replaced H. 

Such a body is called an acid salt, while the salts first men- 
tioned, in which all the H atoms have been replaced by positive 
atoms, are called normal salts. 

Double salts are formed by replacing a part of the hydrogen 
of the acid by one positive radical, and a part by another. 

^^0\ H-0\ 

KNaSO^ from HHSO4, vrw^^O— PO from H-0— PZO 

^^4_0/' H— 0/- 

If a base or metallic oxide be treated with sufficient acid to 
neutralize it, a neutral salt is usually formed ; but if the base 
or oxide be much in excess of what the acid would require to 
expel all its hydrogen, a basic salt will in some cases be formed, 
according to the following formulae : — 

Pb<^-H Pb<^"^^^ or Pb^^-Pb^O-N^O, 

{, e., if the base be used, the acid will take the place of a part of 
its replaceable hydrogen, and leave a part of it ; or, a part of the 
excess of oxide will crowd into the molecule between the negative 
radical and the positive. Such bodies are called basic or 
subsalts. 

The subsalts are seldom of definite chemical composition, 
often being mixtures of the oxide with the basic or even 
normal salt Lead and bismuth are two metals especially liable 
to form basic salts. 



!i=0 



0— NO, g._0/^" Pb— 0— Pb-0— (CjH^O) 
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NOMENCLATURE. 

96. Naming of Chemical Compounds. — Rule. — Give 
the name of the positive radical first ; then the name 
of the leading negative atom or radical with its termi- 
nation changed to ide, in binaries, and to ite or ate in 
ternaries ; ite denoting the louver, and ate the higher 
quantivalence of the negative atom. 

EXAMPLES. 

Na CI = Sodium Chloride, — binary. 
Na NO 2 = ** Nitrite, — ternary. 
NaN03== *' Nitrate, — ** 
Ba CI2 = Barium Chloride, — binary. 
Ca Br 2 = Calcium Bromide, — ** 
Ba SO 3 = Barium Sulphite — ternary. 
BaSO^^ ** Sulphate,— '' 

As will be seen on inspection, the equivalence of the negative 
atom is indicated by the comparative amounts of oxygen which 
it holds. Compare BaSOs and BaSO*; also NaNOa and NaNOa. 
In compounds like the following — SnCl2, SnCh, CuCla, CU2CI2, 
HgCla, HgaGlz, FeCli and FcaCle — ^where more than one quantiv- 
alence of the positive atom is known, the endings ous and ic are 
used to distinguish them ; thus : — 

SnCl2 = StannoMS Chloride, dyad tin. 

SnCl4 =- Stanntc " tetrad tin. 

CuCla = Cuprtc ** 

CU2CI2 = CuproM» ** 

Hg2Cl2=-Mercuro2^^ ** 

HgClg = Mercuric ** 

FeCIg = Ferroii^ *' dyad iron. 

FcgClg = Ferric ** tetrad iron. 

Where more than two quanti valences are known, we employ 
the prefix per to denote a quantivalence higher than that denoted 
by ic or ate, and hypo to denote a lower than that denoted by 
ous or ite. They are affixed alike to positive and negative. 

EXAMPLES. 
N2O = Nitrous oxide. 

N2O2 = Nitric *» 
N2O4 = Nitric peroxide or tetroxide. 
NagSjOs ^= Sodium Hyposulphite. 
HaSOa = Hydrogen Sulphite or Sulphurous acid. 
H2SO4 ^ ** Sulphate or Sulphuric acid. 

KCIO = Potass. Hypochlorite. 
HCIO2 ^= Hydrogen Chlorite or Chlorous acid. 
HClOj = " Chlorate or Chloric acid. 
KCIO4 = Potass. Perchlorate. 
CljO = Hypochlorous oxide. 



HN02 - 


' Nitrite 


*' Nitrous 


HCIO, - 


^ Chlorate 


*' Chloric 


HisrOa - 


* Nitrate 


'' Nitric 


H2SO3 


* Sulphite 


** Sulphurous 


H,S04- 


* Sulphate 


** Sulphuric 


H2CO3 — 


" Carbonate 


*' Carbonic 
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The class of bodies which we have called acids are more com- 
monly named in the following manner : — 

The negative atom, with the prefixes and suflSxes usually 
attached to the positive element, is named first ; this is followed 
by the word acid, thus : — 

HCl = Hydrogen Chloride or Hydrochloric acid. 
HBr = ** Bromide or Hydrobromic " 

HI = " Iodide or Hydroiodic ** 

H2S = ** Sulphide or Hydrosulphuric acid. 

The binary compounds, above mentioned, are called hydracids 
to distinguish them from the oxacids or ternary acids ; and in 
the naming of these acids the prefix hydro is used. 

EXAMPLES OF OXACIDS. 

HCIO =^ Hydrogen, Hypochlorite or Hypochlorous acid. 

— — ^^ 

it 
(i 
It 
i( 

It will be seen that each of the above acids has a characteristic 
negative group of atoms ; thus in sulphates we may always ex- 
pect the group SO/'. In a sulphite we will always find the group 
SO;/'; in a nitrate NO/ ; in a chlorate CIO/, etc. 

Nomenclature Simplified: — The above rules of nomen- 
clature may be applied much more easily by the student, by 
reference to the table given in Art. 94. 

By the use of this table, the student can easily learn to name 
all the more common compounds. Let it be desired, for example, 
to name the following formula : Cu SO4. Cu is the symbol for 
copper. We next look among the compound radicals and find 
SO4 to be the characteristic group of atoms found in all 
sulphates. The name of the formula is, therefore, copper, 
sulphate. What is the formula of zinc carbonate? We find 
zinc among the dyads, as also the group CO3, opposite the word 
carbonates. Both these radicals are dyad, and as a dyad is equiva- 
lent to a dyad, they will combine directly, and we shall have Zn 
CO3 as the desired formula. 

What is the formula of sodium sulphate? The symbol of 
sodium is Na ; it is monad, while SO4 is dyad. Two monads are 
equivalent to one dyad. Hence Na2S04 is the formula of sodium 
sulphate. Let it be desired to know the formula of calcium 
phosphate. Here we wish to combine a triad and a dyad. To 



..k^^._ . 
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do so we must double the triad to get an even number of bonds ; 
and then we must take three atoms of calcium to get six bonds. 
The formula will tKus be Ca3(P04)2. What is the formula of 
Ferric Oxide ? In ferric iron two atoms always go together as 
a hexad. It will require three dyads to saturate the hexad, 
and we have FcaOa, or for the hydrate Fe2(0-H)8, or FcjClc 
for the chloride. Stannous chloride will have the formula SnClj, 
while stannic chloride will be SnCl*. Mercuric oxide will be HgO, 
but mercurous oxide will be HgaO. Cuprous chloride = CujClj. 
. Examples for Practice. — We introduce here a series of 
examples for practice in nomenclature, with corresponding 
names in columns below. The numbers opposite the formulse 
will be found opposite the corresponding names below. 



1 BaOgHj 

2 CaCj04 
8 BiClg 

4 NagCOg 
6 MgSOi 

6 FeafSO^), 

7 AgNOa 

8 (NH4)Ci 

9 HNOs 

10 Hg^Cla 

11 PbCr04 

12 KI 
18 K2O 
14 AsaOa 



15 CuaFeCy, 

16 (NHJ.S 

17 A82S3 

18 NH4MgP04 

19 KHCO3 

20 SbClg 

21 BiONOj 

22 Fe3(Fe,Cyi2) 
28 K(CN)S 

24 KaCrO. 
26 Fe2(Cr04)8 

26 Al2(0H)e 

27 KCy. 

28 ZnO 



29 SrCOj 

30 Sr(N0a)2 

31 BaCl2 

32 NH4NO3 

83 (NH4)2C0, 

84 KNaSO* 

85 NaHCOa 

86 CagCPOJj 

87 CalPOaHj), 

88 NaClO 

39 BiaOg 

40 O2 

41 KCIO4 

42 Pb-0(C2H302)iH 



1 Barium Hydrate. 15 

2 Calcium Oxalate. 

8 Bismuth Chloride. 16 

4 Sodium Carbonate. 17 

18 

5 Magnesium Sulphate. 

19 

6 Ferric Sulphate. 

7 Silver Nitrate. 

20 

8 Ammonium Chloride 

21 

9 Hydrogen Nitrate. 22 

(Nitric Acid). 
10 Mercurous Chloride. 23 



11 Lead Chromate. 

12 Potassium Iodide. 

13 Potassium Oxide. 

14 Arsenious Oxide. 

E 



24 
25 
26 
27 
28 



Copper Ferrocyan- 29 
ide. 30 

Ammonium Sulphide 

Arsenious Sulphide. 81 

Ammon. Magnesium 32 
Phosphate. 38 

Potassium Hydrogen 84 
Carbonate or Potass. 
Bicarbonate. 35 

Antimonous Chlo- 
ride. 86 

Bismuth Oxy-nitrate. 

Ferrous Ferricya- 37 
nide. 

Potassium Sulpho- 88 
cyanate. 39 

Potassium Chromate. 40 

Ferric Chromate. 41 

Aluminic Hydrate. 

Potassium Cyanide. 42 

Zinc Oxide. 



Strontium Carbonate 
Strontium Nitrate. 

Barium Chloride. 

Ammon. Nitrate. 

Ammon. Carbonate. 

Potassium Sod. Sul- 
phate. 

Sodium Hydrogen 
Carbonate. 

Tri-Calcium Phos- 
phate. 

Calcium Hypophos- 
phite. 

SodiumHypochlorite 

Bismuth Oxide. 

Oxygen. 

Potassium Perchlor- 
ate. 

Basic Plumbic Ace- 
tate. 
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97. Irregularities in Nomenclature. — In many medical 
and pharmaceutical works, the old style of making the negative 
precede the positive, with the preposition* of between them, is 
used. In this case per is used instead of ic or ate, and proto 
instead of ite or ous. 

EXAMPLES.' 
NEW NAME. OLD NAME. 

SnCl, = Stannous Chloride or Protochloride of tin. 

SnCl4 = Stannic " or Perchloride of tin. 

FeaCL = Ferric ** or Perchloride of iron. 

Pea (864)8 = ** Sulphate or Persulphate of iron. 
FcaO, = ** Oxide, or Per- or Sesquioxide of iron. 

Hgjla = Mercurous Iodide or Protiodide of mercury. 

HgjCla ^= ** Chloride or Protochloride, mild chloride, 

or calomel. 
HgCla = Mercuric chloride or Bichloride, corrosive suhlimate. 

HgO = Mercuric oxide . or Red oxide of mercury. 

HgaO = Mercurous oxide or Black oxide of ** 

Protoxide of ** 

The proto-salts of iron are the ferrous salts, while the per 
salts are the ferric salts. 

The names of the oxides of the alkaline metals, the earths, 
and alkaline earths are sometimes named as follows : — 

AlsOs Alumina. CaO Lime. 

MgO Magnesia. E2O Potassa or Potash. 

BaO Baryta. NajO Soda. 

SrO Strontia. 

Some writers name those oxides of the non-metallic elements 
which dissolve in water to form acids, as though they were 
formed from the acids by abstracting one or more molecules of 
water. 

Thus SO 2 is named Sulphurous Anhydride. 
CO, " " Carbonic ** 

N2O3" ** Nitrous " 

NgOg " •* Nitric " 

P2O5 ** " Phosphoric ** 

For, SO3 -f- HjO = H2SO3 = Sulphurous acid. * 
CO, + H2O = HjCOa = Carbonic " 
N2O5 + H2O = 2HNO3 ^ Nitric " 

Pj06+ 3H20= 2H8P04= Phosphoric " 
SO, + H2O = HaS04 = Sulphuric ** 

It is a common custom with some authors to use the numerals 
di, tri or ter, tetra and penta, to indicate the number of atoms 
of the element to whose name the numeral is prefixed. 
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Thus:— FcS, Ferric Disul phi de or Bisulphide of Iron. 

FsaS DiferrouB Sulphide or Sulphide of Iron. 

Fe jS, Ferric Sulphide or Seaquianlphide of Iron. 

Fes Ferrous Sulphide or Protoanlphlde of Iroo. 

COj Carbon Dioilde or Carbonic Acid. 
PCI3 PhoBohorufi Trioxlde, 
PCI, '' Peotoxide, 

Eg Clj Mercuric Bichloride, Bichloride of Mercury. 



A few compounds j 

their composition. 

Thus:— H.N Ammonia. 

CN Cyanogen (symbol Cy). 
HjSb Antiraoniuretted Hjdi 
HjAh Arseniuretted 
HjS Sulphuretted 
HjP Phosphuretted 
H,G Light Carhurptted 
H^Cj Heavy Carbnretted 



) known by names which do not express 



ir Olefian 



rosulphoi 





^^dieraical compouoda occasionally met with, wiil be found in the 
Appendix. 

98. Chemical Reactions and Equations. — All materinl 
bodies, under certain conditions, may undergo marked changes 
in properties. As the physical properties of bodies depend upon 
the properties of their molecules, any great change in these 
properties must depend upon a corresponding change tn the 
molecules. In a homogeneous moss of matter, all molecules are 
alike; and any chemical change which we are able to produce ' 
in one moleoule of such a mass, may, with certainty, be produced ] 
in all. Hence, by representing the changes which taVe place 
between two difisimilar molecules, we may, in reality, represent ' 
the changes taking place between the maasea of which these 
molecules form a part. It ia upon this principle that we repre- 
sent chemical changes to the eye. When two substances, on being 
brought together, act upon each other, the mutual action between 
them is called a reaction. 

A body which is added to another to cause such a change, is 
called a reagent. When a jet of coal gas is burned in the air, 
the reagents are the gas and the oxygen of the air. The results 
of the reaction are light and heat. The products of the reaction, 
arti the watery vapor and carbon dioxide which are produced. 
The factors entering into the reaction, are oxygen and the com- 
Qouuds which compose the gas. 
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While all material molecules are more or less liable to undergo 
chemical change by the action of external agencies, some do so 
very readily, while others resist such changes with considerable 
force. Chemical reactions are ^sivored by anything that lessens 
cohesion, or favors the free movement of the molecules ; as solu- 
tion, pulverization, trituration, heat, light and electricity. 

Reaction between solids is always slow, and, in many cases, 
entirely wanting. K the solids are brought together in solution, 
the reaction takes place with readiness; if volatilized, still more 
readily. Reactions between gases usually take place almost in- 
stantaneously throughout the mass, and in many cases, with an ex- 
plosion. Heat usually favors chemical action, and cold retards 
it. Light favors many kinds of chemical change, but does not 
affect all. Reactions, in the laboratory, are generally conducted 
in solutions. When the bodies are soluble in water, that liquid 
is generally selected ; if not, some other solvent, such as ether, 
alcohol, chloroform, etc., may be employed. 

When two or more substances are brought together in solution, 
the action that will take place depends largely upon the following 
conditions, first formulated by Berthelet, and usually known as 
the Laws of Berthelet : — 

Ist. When two or more substances are brought together in 
solution, if by any rearrangement of the atoms a product can be 
formed which is insoluble in the liquid present, that substance will 
form and separate as a precipitate. 

2d. When two substances are brought together in solution, if 
a gaseous body, or one volatile at the temperature of the experi- 
ment, can form, it will form and escape as a gas or vapor. 

Illustration. — BaCla + Na2S04 ^= ? By a rearrangement of these 
atoms, according to the principles stated in preceding articles, there can 
only, form BaSO^ and 2NaCl. The latter of these is soluble in water, while 
the former is not ; hence, BaS04 would always separate from this mixture. 

Zn 4- 2HC1 = ZnCla + Hj. Here, by changing the places of the two 
positives, hydrogen is set free, and escapes. 

As matter is indestructible, it follows that there can be neither 
loss nor gain in the weight of the matter taking part in a reaction. 
The sum of the weights of the factors entering into a reaction 
must, therefore, be equal to the sum of the weights of the pro- 
ducts coming from it. Hence, if we place the sum of the formulae 
of the factors equal to the sum of the formulae of the products 
of any reaction, it must always form a true equation. In writing 
out representations of chemical reactions, the student should re- 
member the following rules : — 
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lat. Positives combine with negatives and not with posi- 
tives. 

2d, Every member of the equation must represent a whole 
molecule, or a number of moteculea. 

3d. The quanti valences of the atoms, and radicals must all be 
saturated according to the rules laid down in article 96. 

4th. An acid and a base cannot exist in the same solution. 
They are in compatibles, and neutralize each other. 

5th, The strongest acid generally selects the strongest base, 
escept in cases where this is modiiied by Berthelet's laws. 
Compound radicals, aa a rule, remain as such in the products. 

To %vrite chemical equations, place the formulee of the 
factors, connected by a plus sign, equal to the formulEe of the 
products, also connected by a plus sign. Now take such a 
number of molecules as &ctors that only whole molecules can 
be produced in the products. 



AgNO, + NaCl = (7) 

Bil-BT Sodium 

HltreM. Chloride. 

We first determine which are positive and which are neeative radicsU. 
The metals are positive (Art. 89), and the non-metallic rsaicals are nega- 
tive, as indicated by aigna above the Bymbola. 

We next cauae the positive radicals to exchange places, whence we have 
AgCI and Na NO,. 

■ On referring to the table of qusntiTalence (Art. 94), we Gnd all these 
radicals to be monad, and therefore chemical equivalents. 
The completed equation will, therefore, be— 

Ag NO, + Na 01 = Ag 01 + Na NO, 

Silver Sodium SlWer Sodium 

Nllrate. Chloride, Chloride, Nitrate, 

Complete the following: 

1. aAg(N0,) + Hj8 =? 

2. Pb{NO,]i + H,8 = 

8. H, (SO,) + Ca 0, H, = 

4. KI + AgNO. = 

5. FeCl, 4-2K0H = 

6. -Fe, CI + 9K0H = 

7. NiVo +N.u8 = 

8. MgSO, -h (NH.)OH = 

9. BaCl + Nil, 30,= 

10. Bi Clj + H,0 = Bi OCI + ? 

11. Pb (C H,0,), + H, SO, = 

12. CaCli+ NH,), CrO, 

13. Na, CO, + 2HC1 = 

14. CuSO, + NaOH = 
16. Hg, (NO,)j + NaCl=- 

la. Mg so, + H Na,PO, + NH.OH -- 
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99. Stochiometry. — Chemical symbols represent definite 
weights, or atomic weights. Chemical formulsB, therefore, enable 
us to calculate the percentage of any ingredient in the compounds 
they represent ; or, from chemical equations, we may calculate 
the weight of any substance required by any given process, or the 
exact amounts evolved by it. 

These calculations are all based upon the atomic weights. 
Molecular weights are derived from the atomic weights. 

The molecular weight of calcium carbonate, Ga GOs) is 

(C = 12) 4- (Os = 48) + (Ca = 40) = 100. (See Table, Art. 82.) 
On inspection, we see that y^V of ^6 whole quantity are calcium, ^^ 
carbon and -A^ oxygen. 

Let it be desired to calculate the quantity of hydrogen in one part of 
water : formula H2O. 

(H2 = 2) + (0 = 16) = 18 A = Hydrogen, Jf = Oxygen. 
Stated in the form of a proportion, this would be 18 : 2 : : 1 : ^y = J. 
In this proportion, the fourth term must bear the same relation to the 
third, that the second does to the first. 

Stated in this way, the first problem would be as follows : 
Ga GO3 : Ga : : 1 : X = 

100 : 40 : : 1 : X = ^Vir = 40 or 40 per cent. 

In other words, calcium carbonate contains 40 per cent, of calcium. 
The same calculation may be made for oxygen, as loUows : 
Ga CO3 -+- O3 : : 1 X = 48 or 48 per cent 
100 4- 48 :: 1 X = 48 or 48 per cent. 
If, instead of one part, we desire the amount in ten parts, we substitute 
10 for one in the third term of the equatiou, thus: 100 : 48 : : 10 : 4.8 
parts. 

The fourth term of such an equation must always be of the same de- 
nomination as the third. 

From the above, we easily deduce the following rule for the 
statement of such problems : As the formula of the subs.tance 
given is to the formula of the substance required, so is 
the weight of the substance given to x the weight of 
the substance required. Reduce the formulae to their nu- 
merical equivalents, and find the value of x. 

When three terms of an equation are given, the fourth may 
be found by multiplying the two means (second and third 
terms), and dividing the product by the given extreme. 

In calculating the per cent, of any ingredient, by the above 
rule, the weight given is understood to be 100, i. e. per cent, is 
parts per hundred. 

Calculations based upon a reaction may be illustrated as 
follows : — 
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Problem. — How much solphate of zinc can be prepared from 10 
grammes of zinc? 

Reaction.— Zn + H2SO4 = ZnSOi + H, 
Statement. — Zn : ZnS04 : : 10 : x 
Numerical Statement.— 66 : 66 -f 82 ^ 64 = 161 : 10 : x 

Solution.— 161 X 10 = 1610 -5- 66 = 24.8 Ans. in grammes. 
Problem. — How much Na NO. will be required to make one pound 
of H NO, ? 

Equation.— Na NO, -f H28O4 =NaH SO4 -f H NO, 
The only terms of this equation concerned in the problem are NaNO^ 
and HNOg ; the latter beine the substance given. 

Statement. — ^H NOg : NaNOg : : 1 : x pounds. 
Numerical Statement. — 68 -i- 86 : : 1 : x 

Solution.— 1 X 86 = 86 ^ 68 = 1.36 pounds. 



PART III. 



INORGANIC CHEMISTRY. 

100, Classification of the Elements. — For conveuience 
of study, some sjstera of classificatiou of the elements ia necessary. 
Many ajBlema of claasificatiow have been proposed, but all are 
open to criticiBm ; yet, we may adopt one of these with the un- 
derstanding that the claseifi cation is largely an arbitrary one, 
and serveia merely for convenience. Berzeliua was the first to 
divide the elements into two great classes, to which he gave the 
names metals and metalloids. The metals are those elements . 
which poBseea more or less lustre and opacity, readily conduct 
heat and electricity, and are electro-positive in combinations. 

The non-metals, or metalloids, are such as are gaseous ; or, if 
solid, have no lustre, ductility or malleability, are poor conductors 
of heat and electricity, and are electro -negative in combinations. 

This division, while it serves a genera! purpose, is not capable 
of exact application; for there are a number of the elements 
which are positive in one combination and negative in another. 
Iodine and arsenic, which most chemists regard as metalloids, have 
a decided lustre, and the latter forms alloys by fusion with the 
metals ; indeed, there is no line of demarcation, between these two 
classes, which can be regarded as fixed, 

Some classification is necessary, which is not baaed upon the 
physical properties alone, but upon their chemical properties; 
a classification which brings together those elements which have 
similar chemical properties, and similar compounds with other 
elements ; thus enabling the student to better associate tbe facte 
of each in his mind. 

There are two important chemical characters upon which moat 
attempts at classification of the elements into groups are based; 
viz: quanti valence, and electrical polarity of the atoms. By a 
consideration of both of these properties, the elements may be 
grouped so as to bring similar elements together. 

The behavior of the oxides of the elements with water, may be 
taken as an index of their polarity. Electro-negatives dissolve 
in water and form acids, while electro- positives form bases, and 
some again play a neutral or double rOle, 

The moat convenient cluasification of the elemente is the one 
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that will bring together into groups those most nearly related in 
chemical properties. For this purpose the quantivalence and 
electro- chemical properties will be employed in this book, 
with the exception of the two elementary gaaeB, oxygen and 
hydrogen. These two elements are taken out of their groupB 
and studied separately, owing to their importance among the 
elements, and their typical character. The following division of 
the more important elements seems to be best adapted to the 
wants of the student ; — 

THE NON-METALLIC ELEMENTS. 
Group I. Hydrogen and Oxygen. ■ 

Group IL The Chlorine Group, or the Negative Mo- 
nads. 

Fluorine, Chlorine, Bromine, Iodine. 
Group III. The Sulphur Group, or Negative Dyads. 

Oxygen (by some authors), Sulphur, Selenium, Tellurium. 
Group IV. The Nitrogen Group, or the Negative 
Triads. 

Nitrogen, Phosphorus, Arsenic, Antimony, Bismuth. 
Group v. Boron. 
Group VI. The Carbon Group, or Negative Tetrads. 

Carbon, Silicon. 

THE METALS. 
Group I. The Alkaline Metals. 

Lithium, Si>diura, Potassium, Rubidiu 
Ammonium. 



Group 



Calciui 
Group III. 

Magne! 
Group IV. 

Group V. 
Nickel 
Group VI, 
Group VII, 
Group VIII, 
Group 



_ uroup 

^L Group 

■ 

^^k Group 



The Alkaline Earths. 
Strontium, Barium. 
The Magnesium Group. 
im, Zinc, Cadmium. 
The Iron Group. 
m, Manganese, Iron. 
Nickel Group. 
Cobalt. 
Lead. 

Copper, Mercury. 
Silver, Gold. 

Glucinium, Aluminium, Gallium, Indium. 
The Platinum Metals. 
Platinum, Palladium, Khodium, Kuthcniu 
Molybdenum, Osmium, Tungsten. 



Jiesium and 
Iridium. ^^^1 

J 



HYDHOOEN. 

TYPICAL ELEMENTS. 





Lght, 2. Density, 



101. Occurrence. — Hydrogen occurs in a free state in the 
gBsea from volcanoea/fumerolea of Iceland and Tuscany, and in 
the atmosphere of the sun ; in combination, it exists in water, 
and in most organic substances of both animal and vegetable 
origin. It is a necessary constituent of all acids and animoniacal J 
compounds. 

102. Preparation. — Hydrogen may be prepared — 
First. — By the decomposition of water, by a strong electric 

current, which splits the water up into hydrogen and oxygen ; the 
former appearing at the negative and the latter at the positive 
pole. 

Second. — By decomposing water by certain metalS. When 
sodium or pota^ium is used, the decomposition takes place in the | 
cold; but with iron and some other metals at a red heat. 
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Third. — By the decomposition of the mineral acids with soma I 
metal, as zinc, iron, or magnesium. In this case, the metal takes 
the place of the hydrogen, which is crowded out of the molecule , 
of the acid. 



Zn + HaSO, = ZaSO, + H, 



Water is added to dissolve the zinc sulphate formed, and to 
prevent it from crystallizing on the surface of the zinc. Chemi- 
cally pure zinc, however, will not dissolve in very dilute acid, 
unless it be made one pole of a galvanic couple. 

Ttiifl method is the one usually employed for the preparation 
of hydrogen in the laboratory. The gas prepared from com- 
mercial zinc and acid is not pure, however, ae it contains other 
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gases derived from imparities in the materials used. Pure 
hydrogen, in small quantities, maj be prepared bj the first 
method, or by decomposing water with an luloj of sodium and 
mercury — sodium amalgauL 

103. Properties. — When pure, at ordinary temperatures and 
pressures, hydrogen is a colorless, transparent, odorless, tasteless 
gas. It is 14 i times lighter than air, being the lightest gas known. 

One litre of it at O^C. and 760 mm. pressure, weighs .0896 
grams. = the crith. It is almost insoluble in alcohol, and at a 
temperature of — 140^C and under a pressure of 650 atmospheres, 
it has been condensed to a steel-blue liquid. It is the best con- 
ductor of electricity and heat among the gases. It is very 
diffusible, and a vessel to contain it, must be made of glass or 
some very compact material. Certain metals absorb large quan- 
tities of it. Palladium will absorb 900 times its volume of the 
-gas : spongy platinum, sodium, potassium and iron also absorb 
considerable quantities of it. This action of the metals is called 
occlusion. During the condensation of the gas in the pores 
of the metal, the latter is heated to a considerable degree. A 
jet of hydrogen may be ignited by directing it upon a ball of 
fiQely divid^ platinum, or a ball of asbestos, which has been 
dipped into a solution of platinum chloride, and heated in the 
flame of a lamp. 

Under ordinary conditions, hydrogen has little tendency to 
unite with the other elements, chlorine being the only one with 
which it combines directly, and then only under the influence of 
light. At higher temperatures it unites with oxygen, and is, there- 
fore, readily combustible in the air, burning with a bluish and 
very hot flame. The product of the combustion is watery vapor. 
A given weight of hydrogen produces more heat in burning than 
any other known combustible. It will not maintain animal respi- 
ration, but is not poisonous. A lighted taper is extinguished on 
being thrust into it. If hydrogen and oxygen be mixed together 
and a lighted taper applied to them, an explosion takes place. 
On examination, it will be found that the hydrogen has com- 
bined with one-half its volume of oxygen, and if there be present 
more than this quantity of the latter gas, it will remain undis- 
turbed. If, on the other hand, there be less than one-half as 
much oxygen as hydrogen, there will remain a part of the 
hydrogen. In other words, when these gases combine they do so 
only in the one proportion. This law holds good with all chem- 
ical combinations, and is known as the la^^ of definite propor- 
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tions. Hydrogen haa so much of a tendency to unite with J 
oxygen at high temperatiiree, that it will take 
tallic osidee, and leave the metal in the free el 

This process is called reduction or deoxidation. It is by ] 
this process that the reduced iron or iron by hydrogen, of 1 
pharmacy is produced. r 

Hydrogen will uuite quite readily with some elements which 
it ordinarily does not afiect, if they be put into the tlask where I 
the hydrogen is generating. Arsenic and antimony compuunds, 
for example, are split up, and these elements unite with the by- ; 
drogen. Many oxides are reduced, and chlorine is removed from 1 
chloridee under these circumstances. The greater energy of the ; 
hydrogen, in these cases, is explained by the supposition that at 
the moment of liberation of the hydrogen atoms, and before they 
have combined into molecules, they are ready to take up with 
any atom with which they may come in contact, and are stronger 
in their affinities, before combming with a neighboring hydrogen 
atom, by just the force it will take to decompose the hydrogen 
molecule when once formed. Thia condition of an element is 
known aa the nascent state (from nascere, to be born). 



When any chemical action takes place between moli 

ui a considerable espenditure of force required to break u| 



ther 



t- . , .» the 

combinations already formed, before new ones can be formed; 
and when these combinations do not exist, the new combinaiiona 
take place with ease. Hydrogen is one of the constituents of ' 
the gases of the stomach and intestines, and is frei^ueutly found 
in the gases exhaled from the luuga. Its physiological properties, 
if any, are slight. 

In its chemical properties, hydrogen resembles the metals more 
than the metalloids, usually playing the positive n'lle, and forming 
salts in which it occupies the place of metallic atoms in similar 
compounds, and is easily snbstituted for them, or displaced by 
them. On> this ground, the acids may be regarded as salts of 
hydrogen. 

104. Uses. — The uses of hydrogen are limited. Owing to its 
lightness, it is sometimes used to fill balloons. The ascensional 
power, or the lifting power, of one litre of hydrogen, is found by 
deducting its weight, .0896 grms., from the weight of one litre of 
air, 1.2932 grammes, or 1,203(3. The lifting power of one cubic 
* ■ 's about 525 grains, or 1 ounce and 55 grains. Hydrogen 
a used with oxygen in the oxy-hydrogen blowpipe. In the 
nboratory, it is used as a reducing agent. 
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Symbol, O. 

105, Occurrence. — Osygen was discovered by Priestley, in 
1774, in the air, of which it constitutes 20.6 per c«dL. It es- 
isU in the air in the' free or uocombined state, mixed with 
nitrogen and small quantities of other gases. It enters into the 
composition of a great variety of compound bodies, such as min- 
erals, vegetable and animal bodies. Water is eigbt-nintbs, sand 
one-half, and alumina one-third osygen, by weight. 

106, Preparation. — Oxygen may be prepared ; — 

First. — By heating mercuric oxide in a retort or flask, jrhen 
it breakH up into oxygen and black mercurous oxide ; or, if l ^e 
temperature be high, into oxygen and metallic mercury. . J^M 
2HgO = 2Hg + 0,. WM 

Second. — By heating black manganic oxide (MnO,) 1^| 
rednefie, in an iron or clay retort, when tt gives oS* a part of its 
oxygen. 

3MdO, = Md,0, -(- 0,j 

Third. — By decomposing acidulated water with a current of 
electricity. The oxygen obtained in this way is very pure, but 
it is too slow for ordinary use. 

Fourth. — The beat method, and the one generally employed, 
is by heating potassium chlorate. 

ZKC!Oi = 2KC14-30,- 

The evolution of the gas takes place more regularly and at a 
lower temperature, if the chlorate be mixed with ferric oxide, 
cupric oxide, or manganic dioxide. In practice, the la^ ia gen- 
erally used in the proportion of one part of the oxide to two or 
three parts by weight of the cblumte. The manner in which 
the oxide acts is somewhat obscure, for it seems to undergo no 
change in composition, and is found to be unaltered in the resi- 
due left in the retort. 

The process may be conducted in a round-bottom glass flask, 
fnrnished with a large-size delivery tube, provided that the heat 
ia carefully regulated and not allowed to become too high. 

One kilogramme of the chlorate ought to yield about 140 
litres of oxygen. 

107, Properties. — Oxygen, when pure, is a colorless, trans- 
parent, odorless, tasteless gas, slightly heavier than air. Its 
sp. gr. ia 1.10563. Water dissolves throe per cent of ilfi volume, 
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I at ordinary tempcraturea. Under a preesure of 300 atinoaplicrea, 

. at a temperature of — 140''C, it condenaea to a trausparent 

■ liquid whose specific gravity is 0.9787 (Pictet). It is magnetio. 

The magnetism of the atmospheric osygeu is equalto that of a 

layer of iron covering the surface of the earth 0.1 millimetre 

tin .thickness. 
Oxygen forms oxides of all the known elements except fluo- 
rine. Its range of affinities, and its energy of combining power 
&re its characteristic chemical propertiBs. Most elements com- 
bine directly with it, eapeeially at high temperatures. Wliea 
this oxidation is accompanied by. light and heat it is called 
combustion. A body is said to be combustible when it unites 
readily with oxygen, and liberates light and heat in so doing. A. ' | 
combustible body usually requires to be heated to a more or less ^^H 
elevated temperature before it will be acted upon by the oxygen; ^^H 
but when the process has once begun it is kept up by the heat ^^^| 
generated in burning. ^^^^ 

»8ome bodies, not usually regarded as combustible, will bum I 

when heated to a red heat and plunged into an atmosphere of 
pure oxygen ; as, for example, a steel watch spring or small iron 
wire, so treated, will bum with great brilliancy. Bodies which ^J 
burn in air with difficulty, burn in pure oxygen with great read- ^^H 
inesa. Oxygen is the great supporter of combustioD, but the ^^H 
action of oxygen and the combustible body are mutual. A. ^^H 
jet of air may l>e burned in a jar of illuminating gas or hydro- ^^| 
gen as readily as these last bum in the air. Oxidation oflen ^^H 
takes place slowly, and the heat produced, although the same in ^^M 
both cases, passes off into the air or surrounding oodles, so that ^^g 
the temperature does not rise much above that of the air. This i 

is sometimes termed slow combustion ; or, more commonly, 
oxidation. 

Most ordinary combustibles contain carbon and hydrogen, 
and in such cases the results of the process are carbonic dioxide 
and watery vapor. In case the combustible contains sulphur, 
it becomes sulphurous oxide ; if nitrogen, it becomes either 
ammonia or free nitrogen, according as the oxidation is complete 
or incomplete. Tbe respiration of animals is very similar to 
combustion. 

108. Uses. — The uses of oxygen are very many. The oxygen 
taken into the air vesicles of the lungs passes through their tnin 
walls, by diffiision, into the blood. There it combines with the 
hiemoglobin and circulates with it throughtmt the body, assist- 
ing in burning up the waste products of the broken down tissues. 
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One hundred volumes of arterial blood from a dog contain 
twenty-two volumes of oxygen (Grehaut), and this quantity 
varies with the amount of haemoglobin, or with the red globules. 

In the air, the oxygen is mixed with nitrogen to dilute it and 
reguhite its action. Oxygen is of use as a supporter of combus- 
tion, to afford us artificial heat and light. With this heat we 
drive our steam engines, warm our houses, smelt our ores and 
cook our food. 

109. Ozone. — If a series of electric sparks be passed, for a 
few minutes, through a portion of air or oxygen gas confined 
in a tube, it acquires a peculiar pungent odor, and exhibits 
i)n)perties which it did not previously possess. The same odor 
IS usual ly detected in the air in the neighborhood of a frictional 
electrical machine while in operation ; or in the gas given off by 
a mixture of potassium permanganate and sulphuric acid ; or 
when phosphorus, partially covered with water, is exposed to 
the air and allowed to undergo slow oxidation; or by the 
electrolysis of water containing sulphuric and chromic acids. 
Ozone can often be detected about a galvanic battery, using as 
the exciting fiuid a solution of sulphuric acid and potassium 
bichromate. 

Ozone has not been prepared in the pure state. The highest 
degree of concentration reached does not exceed one per cent. 

110. Properties. — The properties of ozone are those of 
oxygen, intensified. It is a very powerful oxidizing agent, tarn- 
ishes silver and mercury, sets iodine free from potassium iodide, 
and is readily destroyed by contact with easily oxidizable organic 
matters, and by a temperature of 260°C. In this last case, it is 
reconverted into oxygen. It is a strong bleaching agent. It is 
soluble in oil of turpentine and in ether. 

In preparing ozone from oxygen, a contraction takes place, 
and it again expands on being reconverted into ordinary oxygen. 
This shows that it is a condensed form of oxygen. 

( )zone is 1 j times heavier than oxygen, and its molecule is 
represented by /0\ p. 

O O ^^ ^'' 

111. Tests. — The presence of ozone may be detected by its 
action upon a paper saturated with a solution of potassium iodide 
and boiled starch paste. This paper becomes blue by its action, 
owing to the liberation of iodine, which gives a blue color with 
starch. A piece of reddened litmus paper saturated with potass, 
iodide is also blued. A paper moistened with an alcoholic 
solutl(m of guaiacum is also changed to a light blue by its 
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action. A piece of paper impregnated with a solution of niiin- 
ganoua sulphate or lead hydrate turns dark brown or black ia 
its presence. These reactions disappear when the air is heated 
to 260''C. {500°?.). Ozone is found in the air, especially after 
thunder storms, and when in appreciable quantities acts as & 
purifier of the air, destroying, by its oxidizing action, many 
forms of organized germs hurtful to animal and vegetable life. 
On this account, it has been regarded as a valuable antiseptic 
and disinfectant. As it is very uritating to the mucous mem- 
branes, and when present to auy considerable extent causes 
distressing corym or even hsemoptysis, it is to be recommended j 
with caution. 

HYDROGEN AND OXYGEN. 

Two compounds of these elements are known. 
■.Hydrogen oxide, or water, H,0. 
\ Hydrogen peroxide, or oxygenated water, HjOj. 

HYDEOUEN OXIDE, OH WATER. 

112. Occurrence, — Water is so widely distributed in nature, 
tjiat it is almost universal. It exists in the three states of solid, 
liquid J and gas or vapor. 

It occurs in the solid form, below the temperature of 0°C. 
y32°F.), and as liquid between O^C. and 100°C. (212=F.). In 
Ttte form of vapor it exists in the air at ordinary temperatures, 

at is poured into it from combustion, in various manufacturing 
^ocesses, from volcanoes, by spontaneous evaporation from 
I the surface of the ground, bodies of water, and leaves of foli- 
[. age. Seven-eighths of the entire human body is water. Pota- 
' toes contain 75 per cent. ; water-melons, 94 per cent, and 

cDmbers 97 per cent, of water. It enters into the composttio: 

many rocks, and forma a necessary part of many crystals, where 

it is known as water of c^stallizatiou. 

113. Composition. — The composition of water may be de- 
termined in two ways : by analysis or by synthesis. If a 
current of electricity be conducted through a vessel of water, 
slightly acidulated with sulphuric acid, the water will be de- 
compt^ed into the two gases, hydrogen and oxygen, in the pro- 
portion of two volumes of the first to one of the second. If, now, 
theee g&see be mixed together in the same proportion, and an 
electric spark sent through a portion of the mixture, they recom- 
bioe with an explosion. If equal volumes of the two gases be 
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used, there mil remain, aft«r the explosioD, one-fourtli ag much 
gas aa was taken, which, on testing, will he found to be oxygeu. 

These two experimcDts show that the proportion of the gasea, 
by volume, must be two of hydrogen to one of oxygen. On 
weighing the two gases, we find that the oxygen weighs eight 
tiraoa as much as the hydrogen ; or, by weight, water is composed 
of 5 oxygen and J hydrogen. 

The recombination ia conducted in the endiometer of the con- 
Btruction represented by Fig. 31 and the decomposition i 
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apparatus shown in Fig. 30. For the synthesis of the water, 
the mixed gases are inserted into the graduated limb through the 
stop-cock at the top. The wires connected with a small induction 
coil, are connected with the two platinum wires soldered into the 
glass just below this stop-cock, and which are separated within 
the tube by a space about iV of an inch. On connectuig the coil 
with the wires from the battery a spark is sent across the space 
between the platinum wires, which ignites the gases. In Fig. 30 
the wires are seen to pass through the tubes and terminate in t wo 
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strips of platmum foiJ, from which the gases escape to the top of 
their respective limbs. If the graduated limb in Fig. 31, cc 
taifling the gases to be combined, be surrounded by a larger tube 
through which steam &om a kettle is kept passing, aud the gases 
are measured before and after the explosion, at the same tempera- 
ture, it will be found that the steam produced by the combination 
of the osygen aud hydroeeu, will occupy two-thirds of the vol- 
ume of the mixed gases tiefore the espfosioQ. That is, the two 
volumes of hydrogen and the one volume of oxygen have formed 
two volumes of steam or vapor of wat^r. Applying the law of 
Avogadro, it will be seen that there are the same number of 
molecules of water produced as there were of hydrogen taken. 
Now, as we have seen in Part II of this book, the hydrogen 
molecule contains two atoms, and hence the molecule of water 
must contain two atoms of hydrogen. By the same reasoning, it 
may be shown that the molecule contains hut one atom of oxygen ; 
or, the formula is HjO. 

114. Preparation. — Water may be prepared in several ways, 
by chemical means. 

First. — The simplest method is the direct uoioo of the gaaes. 
2H5 + Oi = 2HjO. 

Second. — It is always produced by burning hydrogen gas 
r any combustible containing it, in the air, and may ho con- 
ensed by conducting the products of the combustion through 
f tube or flue kept cool by imoierslug it in cold water. 
CH^ + 20,= COj + H,0. 



Third. — Water is produced as one of the products of the 
fiction of an acid upon abase, or metallic oxide. Thus: — 
K— 0— H + HNOa = KNO, + H^O. 

PotaBB. tjinilo, Hydric I'oOiBii. Water. 

■ Fourth. — The reduction of a metallic oxide by hydrogen or 
tome orgautc substance containing it. 

C,H,0 + eCuO at red heat = 3Cuj + 2C0, + 8H,0 

20iiO + 2H.J ^ Cu, + 2E,0. 
, 115. Properties — Physical. — When pure, water is a color- 
less, transparent, mobile liquid, without taste or odor. When 
viewed in large quantity, however, it has a bluish color. It is a 
poor conductor of heat and electricity. When water is cooled 
ooiin below O'C. (32^F.) it assumes the solid state, called ice. 
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When the temperature is raised to 100°C. (212°F.) in ordinary 
conditions, it assumes the gaseous state, called steam. This point 
is called the boiling point. (See chapter on Heat.) The boiling 
point is higher than 100°C. under an increased pressure, or when 
it contains considerable solid matter in solution. Water, at a 
temperature of 4°C. (39.2°F.), is taken as the unit of specific 
gravity of liquids and solids. At this temperature it possesses 
its greatest density. When it is heated above or cooled below 
this point, it expands and becomes less dense. Water is 773 
times heavier than air at O^C, and 11,147 times heavier than 
hydrogen. Water expands quite rapidly and with great force, 
on solidifying, and hence ice is lighter than water. This expan- 
sion is supposed to be due to the greater space required for the 
molecules in arranging themselves into crystals. The form of 
the crystal of water, is hexagonal. It may frequently be seen 
in small snow flakes received upon a dark surface; the lines 
of the three equal axes can often be seen with great distinctness. 
The variations in the boiling point of water are much greater 
than those of the freezing point, but this last is subject to slight 
variations of temperature. Water may be cooled in capillary 
tubes to — 15° C. (5°F) before it solidifies, if the tubes remain at 
rest; but if they are agitated, when at this low temperature, the 
water will instantly solidify. The agitation favors the movement 
of the molecules into the position to form crystals, and hence large 
bodies of water freeze at a higher temperature when agitated by 
a gentle breeze than when the air is very calm. Although water 
is converted into vapor most rapidly at lOO^C, water (even 
ice and snow) undergoes evaporation at all temperatures, 
especially when the air is dry. Owing to its great solvent 
power for solids, pure water is never met with in nature. 
There are comparatively few substances which are totally in- 
soluble in water. When we wish to prepare pure water, we gen- 
erally resort to the process of distillation, rejecting the first 20 
per cent.- of that which distills over, and also the last 20 per cent. 
It is by no means an easy matter to prepare absolutely pure 
water, even by this process; but, by conducting the process care- 
fully, with the above precautions, we may obtain a water pure 
enough for all ordinary chemical purposes. Pure water is gen- 
erally selected as the solvent of chemical substances which are 
to be submitted to any chemical change, because the reactions 
take place more readily in solution than when in the solid 
state, and because water is a neutral body, which does not 
complicate the result by taking part in the action, itself. The 
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pntpor of trater is transparent, invisible and colorless. Its den- 
sity is 9, aod its ap. gr., referred to air, is 0.6234. One volume 
of water will produce 1696 volumes of st«am, or, approximately, . 
one cubic inch of water will produce one cubic foot of steam at 
lOO'C, (212''F.yaQd absorbs 536.0 units of heat. 

Chemical Properties. — We have already referred, in speak- * 
iiig of the preparation of wat«r, to some of its chemical properties. 
It unites directly with many metallic oxides to form bases or 
hydrates, and to some oxides of the metailolde to form acids. 

CaO + H,0 = CaOjH, 
SO, + H,0 =H,80, 
COj + H,0 =H,COi 

It enters into a feeble union with many metallic salts in solu- 
tion, and separates with them when they crystallize, as water of 
cr}^taliization. Certain substances exhibit a marked tendency to 
combine with water, or to absorb it from the air, and are used in 
the laboratory as drying agents. Among these are calcium 
chloride, sulphuric acid and phosphoric pentoxide. 

116. Natural Waters. — As already stated, natural waters 
are never free from dissolved impurities- They contain gaseous, 
liquid and solid impurities, varying according to the source from 
whence derived, the temperature, the nature of the soil or rocks 
over which it has flowed, or the state of the air at the time. 
Natural waters may he divided into potable (or drinkable), 
mineral and saline. 

117. Potable Waters.— To this class belong well and spring 
waters, river water, lake water and ice water. 

The purest natural waters, are rain and snow iwater from 
mountainous and country districts. The purity of rain water 
varies with the locality where it falls. In the neighborhood of 
large cities, where the air is charged with the products of large 
factories, etc., it will contain whatever of these can be washed out 
of the air. 

Sulphuric acid, for example, is comparatively abundant 
in the air of large cities. The rain water of London, as given 
liy Dr. K. Angus Smith, contains 20.5 parts per million, while 
that of inland places in England contains only 5.5 parts ; and 
tbat from inland places in Scotland, only 2. parts; while from 
Glasgow it contained 70. parts. 

The source of the sulphuric acid is mostly from the combustion of 
coal containing sulphur, ' The chlorides in rain water, principally 
sodium chloride, vary with the distance t>om the sea coast. 
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Ammonium nitrate and nitrite are found in Butall quan- 
tities, derived from decompusing organic matter, and from the 
oombufition of coal. Another source of these compounds, is 
the osidatioD of a email quantity of the nitrogen of the air by 
ozone geuerated by lightning in its passage through it. Rain 
water al^ contains more or less dust and organic matter, wliich 
it washes out of the air in felling. The gases found in rain 
water are carbon dioxide (CO,), nitrogen, oxygen, and some- 
times, in cities, sulphur dioxide (SO,) and hydrogen sulphide 
CH^). - 



CO, 



2.4 



Peligot's analyses show Oxygen 6.59 j- c.c. per litre. 
Nitrogen 14. ) 

It will be noticed that the proportion of oxygen in tht 
rain water, is about twice as great as that of the atmoaphi 

Rain water, as ordinarily collected on roofe of houses, is very 
much contaminated with both organic and mineral matter wash^ 
from the roof on which it falls. It is very liable to become pu- 
trid from the decomposition of this organic jnatter, and to breed 
the larviB of certain insects. Melted snow furDishes a water even 
purer than rain watet, especially if we collect that which fells 
toward the end of a storm. 

Ice water varies very much in purity, according to the 
purity of the water from which the ice is obtained. It is always 

fiurer than the water from which it is formed, and when obtained 
rom clear lakes or rivers, it is often the purest of natural waters, 
owing to the fact that in crystallization of water, or freezing, it 
leaves the dissolved solids and gases almost entirely in the re- 
maining water. The absence of the usual gases, however, renders 
ice-water flat to the taste. 

Spring and Well ^waters are simply rain water which has 
been filtered through a more or less thick layer of soil. The 
nature and quantity of the dissolved matters will depend upon 
the nature of the soil and rocks* through which it percolates, or 
over which it Hows. 

In large cities, where the soil is saturated with filth, the well 
waters are very impure; while in well drained and mountainous 
country districts tney are much purer. Dangerous organic 
matter may filter through many feet of soil and poison the 
water of a well or spring. Shallow wells usually contain much 
more organic and leas mineral matter .than deep wells, and are 
therefore more likely to contain dangerous or unwholesome 
mattera. Wells are essentially a pit for the reception and aocu- 
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mulation of the draiDage ironi the surrounding soil. For con- 
venience they are usually situated near the dwelling, where the 
eoil receives more or less household waste of various kinds, and 
are often placed near a cesspool or pi'ivy vault. The effect of 
the geological character of the soil is almost entirely obliter- 
ated by this local impurity. Such waters, even when dis- 
gustingly impure, are usually bright, sparkling and palatable. 
The galiue matters held in solution are often much approved 
by those accustomed to their use. Deep wells may be regarded 
as those which draw their supply from a depth of 100 feet or 
more from the surface. In cases where the supply is drawn 
from below a dense bed of clay or of impervious rock, the well 
may be considered deep, when such supply is. much less than 
100 feet below the surface. Deep wells may be regarded as 
artificial springs, as both are subjected to the same conditions. 

Artesian wells are artificial springs formed by boring iuto the 
earth in a low-lying district surrounded by high ground, until 
a layer of rock or gravel is reached, situated between two im- 
permeable layers and containing water. The strata must be so 
curved that their outcrop is on a higher plane than the surface 
of the well. In such cases the water rises to the surface without 
pumping, and its character is determined by the nature of the 
rocks in which the water is found. 

Surface ^Vatc^s. — These comprise river water, pond, lake 
and sea water. The water supply of large cities is usually 
taken from this class of waters, and consists of sprbg water, 
and rain water which has fallen upon a considerable surface 
of country. Surface waters usually contain a large propor- 
ti>Hi of organic and mineral matters. Surface water, draining 
from a cultivated district, contains more organic and mineral 
matter than that from uncultivated districts, and the character 
of it is considerably influenced by the application of fertilizers 
to the land. River waters are often contaminated by the prac- 
tice of discharging into them sewage and refuse from various 
manufactories along their banks. 

Characters of a Good Drinking Waten — 1st. It should 
be clear and limpid. Cloudy and muddy waters should be 
avoided. 2d. It should be colorless. A greenish or yellowish 
color is usually due to vegetable or animal organisms. 3d. It 
should be odorless ; especially free from sulphuretted hydrogen 
or putrefactive animal matter.' 4th. It should not be too cold, 
but should have a temperatureof from 8°C.(46 F.) to IS-C.f 60 F.). 
Jth. It should have an agreeable taste; neither. fiat, salty, nor 
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Bweetiflh. A certain amount of hardnesa and dissolved gases give 
a sparkling taate. It should contain from 25 to 50 c.c. of gases 
per litre, of which 8 to 10 per cent, ia carbonic acid, and the rest 
oxygen and nitrogen. The air of natural waters ia richer in 
oxygen than the atmosphere above them, viz. : about 33 per 
cent, of oxygen and 67 per cent, of nitrogen, when the water 
is fuliy saturated, which is not always the case. Highly con- 
taminated waters uaually contain less oxygen than the above 
proportion, because it is used up in oxidizing the organic matter. 
6th. It should bo aa free as possible from dissolved organic 
matter, especially of animal origin, 7th, It should not contain 
too great an amount of hardness. A certain quantity of saline 
matter is necessary, however, to give it a good taste. It should 
not contain over 3 or 4 parts of chlorine in 100,000 parts of 
water. 

118. Waaler Analysis, — Wo have seen that natural waters 
are never pure, but contaminated by various kinds of foreign 
matter to which they have been exposed. These impurities may 
be harmless to the human economy, or they may be very harm- 
fill. It ia the object of the analyst to determine, as nearly as 
possible, the nature and amount of the impurities found in a, 
water, so as to form an opinion as to its health fulness. 

It has been proven, beyond doubt, that water ia a fruitful dis- 
seminator of disease. It is believed that the diaeaae produced 
iu such cases is due to microscopic organisms, and that the 
organic matter of the water simply furnishes a suitable solution 
in which they may live and grow. It ia also known that these 
organisms grow best in solutions of animal organic matter ; 
hence, waters contaminated with animal matters are looked 
upon as much more dangerous than those containing vegetable 
matter. 

If the above idea be correct, it is evident that chemical an- 
alysis cannot detect the disease-producing element, although it 
can tell pure from impure water. 

Several methods are in use among chemists for the purpose of 
fwraing an opinion as to the character of drinking waters. The 
elements usually relied upon in a sanitary examination, are total 
residue left on evaporation, the loss in weight of this residue 
on ignition at a dull red beat, the chlorides, the nitrates and 
nitrites, ammonia, organic carbon aud nitrogen, and the quantity 
of oxygen the water will absorb from an acid solution of 

tiotassic permanganate. Poisonous metals should, of course, be 
ooked for where there can be any suspicions of th^r presence. 
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119. Total Residue. — ^The amount of residue left on evapo- 
ration serves, in a crude way, to indicate the amount of solids, 
but is only approximate and of no sigiaificance unless it reaches 
more than 30 or 40 grains per gallon. This residue will, of course, 
vary with the hardness, or the amount of soluble constituents in 
the soil. By igniting the solids (heating them over a lamp) 
we may expel all volatile and organic matter, including the 
water held by the calcium sulphate, at the temperature of 100°C., 
(the temperature generally used in drying the residue), some 
carbon dioxide from carbonates, and oxides of nitrogen from 
nitrates and nitrites. The residue left after ignition gives a rough 
idea of the mineral matters present, and the loss should never 
reach 50 per cent, of the total residue. 

120. Chlorine in potable waters is very largely derived from 
the sodium and potassium chlorides of urine and sewage. The 
average amount of chlorine in urine is not far from 5 parts per 
1000, or 500 parts in 100,000 parts of water. The average found in 
sewage is about 1 1.5 parts per 100,000. Over 5 parts of chlorine 
per 100,000 may be considered, in most cases, to be due to pollu- 
tion of the water by sewage or animal excretions. Proximity to 
the sea does not materially affect the amount of chlorine, in 
well waters. Too much dependence cannot be put upon the 
amount of chlorine in a water, as a means of judging of its 
purity, for vegetable matter may exist in dangerous quantity 
without its presence being indicated by the chlorine present. 
Chlorine is estimated by a standard solution of argentic nitrate. 

121. Hardness. — The hardness of water is produced princi- 
pally by the acid carbonates, and the sulphates of calcium and 
magnesium. The acid carbonates are decomposed by boiling, 
and the neutral salts precipitated : — 

Hardness due to these salts is called " temporary," while that 
due to the sulphates of these metals is called " permanent." 

The hardness of a water seems to have little or no influence 
upon the health of those who use it. Hardness is estimated by 
means of a standard solution of soap. Temporarily hard waters 
may be softened by adding lime in sufficient quantity to neu- 
tralize the excess of carbonic acid in the water, when the car- 
bonate (CaCos) or (MgCoa) is formed, which settles to the bottom. . 
The alkaline carbonates (NazCos and K2CO3) may be used to 
precipitate permanent hardness and soften the water. Wood 

F 



10« 



IMOBOAHIC CHEMIBTBT. 



ashes, which contain the latter of these salts, is frequently used 
by washerwomen to soften water for washing. 

122. Nitrates and Nitrites. — These salts are usually looked 
upon as evidences of former contamination of a water by nitro- 
genous organic matter. The decomposition of organic matter of 
animal origin, in waters containing dissolved oxygen, yields 
nitrous and nitric acid, which combine with bases present to form 
salts of these acids. Eain water contains a small quantity of 
these acids, but a larger quantity indicates that the water is nn- 
dergoing, or has nndergone, a natural process of purification 
from animal matters. The quantity found usually indicates the 
amount of matter thus decomposed. This purifying process goes 
on more slowly in river and lake waters than in well waters, 
because the exposure to oxygen in the latter is more complete 
while filtering through the soil, than in a body of water. Deep 
wells may be allowed to contain more nitrates than shallow ones, 
for the organic matter may all be destroyed hj the filtering pro- 
cess through the soil into a deep well, while m the shallow one 
some organic matter, germs, and spores capable of causing dis- 
ease, may pass undecorapoeed through the shorter distance. A 
careftil estimation of nitrates gives, therefore, considerable 
knowledge of the past history of a water, and is regarded by 
chemists as of great importance. 

A very eas; and delicate test for nitrates and nittitcB in water, is the 
following : Make a solution of diphenytamine in pure, strong sulphuric 
acid, adding a little pure water to make a clear solutioQ. 

To the auapected water add some of the sulphuric add, then a few drops 
of the above solutiou. If nitrates or nitrites are present, a deep blue 
solution will be formed at once. Thia test ma^ be used by any one, and 
will give some idea of the safety of a drinking water. 

123. Moist Combustion. — By this is meant the oxidation 
of the organic matter found in a water by adding to it a mea- 
sured quantity of potassium permanganate, with some sulphuric 
acid, and determining the oxygen absorbed from this salt by the 
organic matter present. This method cannot distinguish between 
vegetable and animal matters, neither will it measure the oxygen 
consumed in oxidizing nitrites to nitrates, or ferrous to ferric 
salts. In the presence of these salts it may give erroneous re- 
sults. Most chemists regard the process as of some value in 
fiving an idea of probable pollution by organic matter, as it has 
een shown thatdangerousorganic matter is moreeasijy oxidized 
than that which is harmless. 
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124. Argentic Nitrate Test, — It has been proposed to 
estimate tlie amount of organic matter in water by the addition 
of argentic nitrate, and, after filtering out the precipitated chlo- 
ride and sulphide of silver, to set the filtered vater in a strung 
light for twenty-four hours. The organic matter present in the 
water, reduces a portion of the silver to the metallic stsle, and 
forms a black deposit. This may be filtered out and weigbed, 
and from the quantity, we may judge of the probable oreaiiie 
purity of the water. As a qualitative test, this may eaiSj be 
performed and give proximate reaulta. 

125. Ammonia. — The spontaneous decompoeition of organic 
matter in water first afibrds ammonia, then nitrites, and finally 
nitrates. This fact is so generally conceded as to make an esti- 
mation of the ammonia found in a water, a very important part 
of the sanitary examination. 

By distilling a measured portion of the water under exami- 
nation, all the ammonia is found to pass off and condeoae with 
the first portions distilled. To determine the amount of ammonia 
present in the distillate, it is only necessary to compare the color 
produced in it by a small quantity of Sessler's reagent,* with 
the color produced by a known quantity of ammonia adided to 
some pure water in another tube.t 

After having ft«ed the water from ammonia, as above, if we add 
to it a strongly alkaline solution of potaasittm permanganate and 
continue the distillation, the nitrogenous organic matter nrteatt 
gives up its nitrogen in the form of ammonia, which ia Jenotni- 
nated " albumeuoid ammonia." This may be determined in the 
same manner as the "free" ammonia- above. This method of 



examining a water for nitrogenous matten*, is generally looked 
upon as one of the best methods in use for the purpo««. 

126, Organic Carbon and Nitrogen. — Drs. FranklaodJ 
and Armstrong, in 1868, proposed to bum the organic matter in 
the residue left on evaporating the water to dryness, and by col- 
lecting and weighing the nitrogen and CX)i prodaoed, to estimate 
the amount of nitrogenous matter present. Tha procem a diffi- 
cult to conduct, and is open to serioas errors; it is, tb^efore, 
little employed. 

127. Living Organisms. — It haa lately been propoaed to 

* NeBsler'8 reageut ia a strong lolatioa of potsn. iodide, Mlorated 
with mertmric iodide, and rendered alksline iriiii iodic hjdralc 
t See Water Analyss bj Wankljo. Lond«ii, 1876, p. 82. 
t Water Analjais bj Fraakland. PIu]*delphia. I«kO. 
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test " organic vitality " of waters designed for drinting purposes, 
by adding enough gelatin solution to malce the water slightly 
Yiscid, place it in a tall cylinder and allow it to stand in a light 
place from twelve to twenty-four hours. The gelatin prevents 
the fres movement of the organisms in the water, and allows us 
to see their growth, by the opalescent spheres caused by CTeat 
numbers of them congregated in a small spot, and apringinglrom 
a single parent. By the number and rapidity of the growth of 
these spheres, we may form some idea of the organic vitality or 
the power of the water to grow organisms. This method may be 
modified by floating upon the water, contained in a tall narrow 
cylinder or teat tuoe, a thick solution of gelatin, and then cov- 
ering the sides of the tube with paper, admitting light by a small 
hole in the paper opposite the layer of gelatin. 

On standing from 12 to 24 hours in a light place, the organisms 
existing in the water will be found entangled in the gelatin 
film, and may be removed with a pipette and placed under the 
microscope. This process aims to judge of the character of the 
water by the character of the organisms found growing in it. 
If large numbers of putrefactive bacteria be found, it would be 
evidence of putrefying organic matter. We have thus briefly 
outlined the methods in use for testing drinking waters, for the 
purpose of giving the student some Knowledge of the subject, 
without going into tedious details, which are intended only for 
the chemist, and which do not come within the scope of this 

128. Purification of Water. — Water may be separated 
from suspended impurities by filtration, i. e.,by passing it through 
any porous substance not soluble in the water, as clay, sand, 
charcoal, brick, unglazed earthenware, unsized paper, etc. For 
filtering large quantities of water for cities or manufactories. 
Band or brick is to be preferred. For filtering water for family 
use, a brick partition two or four inch^ thick, built in a cistern, 
works well. The water is delivered in one apartment and pumped 
from the other for use. Or, a barrel in the bottom of which 
several holes are bored, may be filled with alternate layers of 
gravel, sand and charcoal, and placed over the mouth of the 
cistern or reservoir, through which the water may be filtered. 
Such a filter, when freshly made, will remove a part of the dis- 
solved organic matters as well as suspended matters. The sill- 
cated carbon filters found in the market, made of pulverized 
carbon and cement, are much neater, and will also oxidize a por- 
^H tion of the dissolved organic matter in passing the waterthrgu|^^ 
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^em, especially when new. Poroua stone filters, made from a 
Bilicious stone, are to be found in the market, which filter rapidly 
and very perfectly. Spongy iron filters, made by roasting 
hematite with coal, are still more active in destroying organic 
matter and putrefective germs. We have already referred 
to methods of precipitating the hardness from water. Dis- 
tillation, as a means of purifying water, has also been referred 
to. Freezing purifies water, and removes, to a considerable 
degree, the mineral as well as organic matters ; but freezing 
cannot make a dangerous water perfectly safe. Numerous in- 
Btances show that disease may be communicated as surely by ice, 
as by unfroaen water. 

12fi. Mineral Waters. — Under this name are included such 
watera as, from some dissolved substances, have a greater or less 
therapeutical value. These vary so much in the character of- 
the dissolved substances, that no exact classification of them can 
be made ; but they may be ronghly classified as follows .^ 
1st. Carbonated waters, those which are charged with car- 
bonic dioxide or carbonic acid, 
2d. Sulphuretted ^A^aters, those which contain sulphides of 
hydrogen or one of the alkaline metals, in notable quanti- 
ties, rhey are used for baths as well as for drinking. 
3d. Alkaline. Waters, those containing considerable quantities 
of carbonates or bicarbonates of the alkaline metals — sodium, 
potassium, or lithium. 
4th. Saline Waters, those containing the neutral salts, such 
a.s the chlorides, bromides, or iodides of the alkalies or alka- 
^_. line earths. 

^^£th. Chalybeate Waters, those containing some one of the 
^^k compounds of iron. Closely allied with these in properties, 
^^m Arc those containing manganese. 

^Hth. Thermal Waters, or such as come to the surface at a 

^H temperature above that of 20''C. (68° F.). Some of these 

^H springs contain so little mineral matter as to be of no im- 

^f port; the only value, if any, being in the temperature. 

They are used principally for baths. 

130. Officinal Forms. — Aqua. Natural water in the purest 

attainable state. Aqua distillata. Take of water 80 pints. 

Distill two pints, reject, then distill 64 pints. (U. S. P.) The 

transparency or color of distilled water should not be afiected 

by lime water, H,S, BaCl,, AgNO,, or (NH,)jC,0,. 

The term aqua, in the U. S. P., is used to designate a solution 
f a gaseous or volatile body in water, as aqua ammonise, 
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aqua chlorinii. Liquor, a solution oF a fised or solid body, 
as Liquor Ferri Nitratis, Liquor Plumbi Subacetatis. 
A Decoction is a solution made witii boiling water, usually of 
a vegetable product. An - Infiision is a solution formed by 
subjecting a body for a short time to either cold or warm water. 
Maceration is the long continued action of water at the ordi- 
nary temperature. Digestion, the same with hot but not boil- 
ing water. Lixiviation or leaching is the proceas of pouring 
water upon a porous mass of any body, for the purpose of 
dissolving out any soluble matters. 

131. Physiological Use. — Water exists in all the tissues of 
the body, and in all foods and drink. A healthy adult takea, on 
an average, about 2.5 litres of water in 24 hours ; and loses by 
the skin, lungs, kidneys and fieces a little more than this; the 
excess coming from the oxidation of the hydrogen of the food 
and tissues. Water constitutes about from 65 to 70 per cent, of 
the whole body, being ia slightly larger proportion in the young 
than in the adult body. The water in the tissues serves as a sol- 
vent for the various proximate principles intended for nourish- 
ment of the tissues, or coming from their waste, and intended for 
excretion. The evaporation from the skin serves to carry off the 
superfluous heat of the body. 

132. Hydrogen Peroxide (HA).— The simplest way of 
preparing a diluted solution of this body is to pass a stream of 
COj through water containing in suspension barium peroxide. 

BaO, + CO, + H, = BaCO, + H^O,. 

The insoluble barium carbonate may be separated by filtration, 
best through asbestos filters. This solution may then be evapo- 
rated in a partial vacuum. lu its purest form, it is a syrupy, 
colorless liquid, having an odor resembling that of chlorine or 
ozone, and a tingling metallic taste. It is still liquid at — 30° C. 
(— 22=F.), but at temperatures above 22° C. (71.6°F.) it changes, 
rapidly into water and oxygen. This change takes place gradu- 
ally at ordinary temperatures. In diluted solution it is much more 
stable, and may be boiled without suffering decomposition- The 
solutions of this substance are decomposed by many fine metallic 
powders. In most of its reactions it acts as an oxidizing agent. 
Ai^ntic oxide, however, is reduced to the metallic state by it. 

Tests. — To the suspected solution, add a little starch solution, 
then some potassium iodide, and finally a few drops of a solution 
of ferrous sulphate. If any hydrie peroxide be present a blue 
color will appear. Very ddicate. 
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Uses. — Oxygenated water, or hydric peroxide, is used as a 
bleaching agent for the hair and skin, converting brunettes 
into blondes. It is often used to renovate old pictures, the white* 
of which have become dingy. It has been used as a disinfecting 
solution, to ulcers, in ozaena, diphtheritic and ecarlatinal sore 
throats, or where the membrane hua invaded the no§e. Also 
for pus in urine, with which it causc&an cfier- 
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I. 36.6 ma. H 

r, 80 liqoid. I 

Iodine, I. 127 solid. 

133. The elements of thia group are electro-negative, fluorine 
being most negative, and the iodine least so. They have a 
charaoteristic, pungent odor, and act aa disinfectants and bleach- 
tug agents. They enter into direct union with many of the 
metals to form binary compounds. They form compound* with 
hydrogen, with well marked acid properties. They have little 
a£nity for oxygen, but form several oxacids and salts, all of 
which are rather unstable. They form the following com- 
pounds : — 

Hci. CI^O Cl^O, C1,0, HCIO HCIO, HCIO, HCIO,. 
HBr. — — — HBrO — HBrO, HBrO.. 

HI. — — IjOi HIO HIO, HIO, HIO,. 

FLUORINE. 



134. Little if anything is known of this element. It cannot well 
be prepared. The sources of fluorine compounds are the native 
fluor spar, calcium fluoride, and cryolite — a sodium and alumi- 
num fluoride. 

135. Hydrogen Fluoride — Hydrofluoric Acid. — Thia 
acid is obtained by the action of sulphuric acid upon powdered 
fluor spar, with the aid of a gentle heat. 

CaF, + HjSOi = CaSO, + 2HP. 

The operation is usually conducted in a lead or platinum 

vessel, as the acid attacks glass and most metals. The acid is a 

colorless, transparent gas, with a pungent odor, very irritating to 

the akin and mucous membranes. It is readily soluble in water, 
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forming n colorless, highly acid and corrosive liquid, with a 
pungtnt odor. Care uust be takeu, in using it, not to allow it to 
como in contact with tbe skin, as it produces a painful ulcer, 
which heals with difficulty, and also constitutional symjitoms of 
considerable severity. 

The boiling point of the liquid is between 15° and 20°C. (59 and 
68°F.), and it has a specific gravity of 1.060. The most charac- 
teristic property of hydrofluoric acid, ia its power of dissolving 
plass by removing its silicon. This property is utilized for etch- 
ing glass. The article to be etched is first coated with a thin 
layer of melted wax or paraffin, and the characters are then 
scratched through the wax with a steel point, so aa to expose 
the glass where the etching is to take place. If the liquid is to 
be used, a wall of wax ia built up around the characters and tbe 
liquid is poured into the incloaure. The characters thus etched 
are transparent. It is more common to invert the glass, wax 
downward, upon a leaden diah containing the fluor spar and sul- 
phuric acid, and expose it to the fumes until the etching is as deep 
as desired. The etchinga in this case are opaque, presenting the 
appearance of ground glass, and more easily seen. Fluorine 
forms no oxides. 

CHLORINE. 



D. = 35.5. Sp. Gr. ■-=- 2.47. Equivalence I, III, V or Vn. 

136. Occurrence. — Chlorine always occurs in combination, 
in nature. The chlorides of podium, potassium, magnesium and 
calcium occur in springs. UhueI source, sodium chloride or 
common salt. 

137. Preparation. — By the action of aulphurie acid upon 
sodium chloride in the presence of manganic oxide. 



Or, by acting upon manganic oxide with hydrochloric acid. 
4HC1 + MuO, = MnOl, ^ 2H,0 -|- CI,. 

For a slow continual evolution of chlorine, as for disinfecting 
purposes, moistened chloride of lime is exposed to the air. The 
Okloium hypochlorite is deconiposed by the carbonic dioxide of the 
wr, and chlorine is set free. For a more rapid evolution, we may 
UBe tbe same salt with a dilute ucid. 

138. Properties — Physical. — At ordinary temperatures 
chlorine is a greenish-yellow, pungent, aufibcating gaa. It ia 
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irrespirable, causing inflammation of the air passages. It is 
nearly two and a half times heavier than air ; it is soluble in 
water, one volume of water dissolving nearly three volumes of 
the gas at aO° C. (50°F.) The solution, aqua chlorinii U. S. P., 
is' a greenish-yellow liquid, possessing the properties of the gas, but 
slowly changing, in the light, into hydrochloric acid. It should 
bleach but not redden litmus paper. Under a pressure of four 
atmospheres, at ordinary temperatures, or at a temperature of 
—40° C. ( — 40*^ F.), it is condensed to a- dark yellow liquid. 

Chemical Properties. — The affinities of "chlorine are very 
strong and extensive. It is characterized by its strong tendency 
to combine with hydrogen and the metals, to form chlorides. It 
combines directly with many elements (finely divided copper, 
antimony or arsenic), with the evolution of light and heat. Its 
attraction for hydrogen is so strong that a mixture of these gases 
combine with an explosion, when exposed to direct sunlight, the 
light of burning magnesium, or the electric light. It burns 
readily in an atmosphere of hydrogen. It is capable of existing 
in two allotropic states ; the one active, and the other passive. 
The passive or inactive form is the one obtained when the gas is 
prepared in the dark ; and when prepared in daylight it is very 
active in its properties. When the same element is capable of 
existing in two or more forms, having different properties, these 
forms are called allotropic conditions ; the property is called 
allotropisin. 

One of the most marked chemical properties of chlorine, is its 
affinity for hydrogen. So great is this affinity that many organic 
compounds are spontaneously decomposed by it; the chlorine com- 
bining with the hydrogen of the compound and setting the carbon 
firee. A paper wet with turpentine and plunged into a jar of 
chlorine, takes fire and depoats the carbon as a dense smoke, 
while fumes of HCl fill the jar. The well known bleaching and 
disinfecting powers of chlorine are due to its affinity for hydrogen. 
Most vegetable colors, when moist, are readily discharged by 
chlorine. The chlorine combines with the hydrogen of the 
water and sets free the oxygen, which, in the nascent condition, is 
a powerful oxidizer, and decomposes the coloring agent or organ- 
ized germ, as the case may be. In some cases the chlorine acts 
directly upon the organic matters, uniting with a portion of 
their hydrogen to form HCl, and a portion of it entering the 
molecule to take the place of the hydrogen removed. Thus, 
with marsh gas, hydrochloric acid and methyl ch}oride are pro- 
duced. CH4 + CI, = CH,C1 + HCl. 
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139. Hydric Chloride. — Hydrochloric Acid. — Acidum 
Muriaticum — Acidum Hydrochloricum (U.S.P.).— HCI 
= 1 -f 35.6 = 36.5. Hydrochloric acid occurs very sparingly in 
nature. It ia found in volcanic gases and in the gastric juice of 
mammals. 

140. Preparation. — The acid ia usually prepared from 
sodium chloride or common salt, by treatment with commercial 
sulphuric acid, with the aid of a gentle heat. 

The process is Bometiinea conducted as a special process, but 
a large quantity of the acid is prepared, as a side product, in the 
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preparation of sodium carbonate by Leblanc's process. The first 
step in this process is to treat the salt with sulphuric acid, and 
thus convert it into a sulphate. The hydrochloric acid set free 
by this process, is collected and sold as impure hydrochloric acid. 
H.SO, + 2NaCl = 2HCi + NajSO^. 

The acid may be prepared in small quantity by the direct union 
of equal volumes of chlorine and hydrogen, under the influence 
of sunlight or the electric spark. (See Art. 85. ) 

141. Properties. — Hydrochloric acid is a colorles.", traus- 
parent gas, having a pungent, penetrating odor, a sharp, sour 
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taste, an acid reaction, and produces great irritation of any ti 
with which it comes in cuutact. It is irreepirable and extin- 
Eoisbes a flame. It is very soluble in water. One volume of 
this liquid dissolves 450 volumes of the gas at 15° C. (59° F.) 
This solution forms the ordinary muriatic acid. The speciSc 
gramty of the solution is 1.21, and contaios about 40 per cent, 
of HCt. The sp. gr. of the gas (air ^ 1) is 1,264 ; the density 
(hydrogen ^ 1") is 18.25. under a pressure of 40 atmospheres, 
at 10° C. (50° F,), it condenses into a colorless, limpid liquid, 
having a sp. gr. of 1,27. A strong solution in water fumes 
strongly^ in the air, giving off a part of the gas. On being 
heat^, it gives off its acid rapidly. The strongest commerci^ 
acid contains from 25 to 30 per cent, of HOI. The commercial 
muriatic acid is yellow in color, due to the presence of ferric 
chloride. It also contains other impurities, and is used only for 
manufacturing purposes. 

Acidum Muriaticum or Acidum Hydrochloricum, U. 
S. P., ia a colorless liquid of sp. gr. 1.16. It contains 31.9 per 
cent, of HCl., with traces of impurities. 

Acidum Muriaticum Dilutum, Acidum Hydrochlo- 
ricum Dilutum, U. S. P., is made by diluting the stronger acid 
with water. (Strong acid 3 parts, distilled water 13 parts). The 
■p. gr. = 1.049, and contains 10 per cent, of HCl. Pure hydro- 

Iehloric acid should be colorless, and when diluted with distilled 
mter, §houId give no precipitate with H^S, NH,OH in excess, 
or BaCl,, and should not dissolve gold leaf (absence of HKOj). 
tl42. Chlorine and Oxygen. ^Therc are three oxides of 
Btlorine known. 
I CljO, HypochlorouB Oxide or Anhydride. 

I CljOj, OMorouB Oxide or Anhydride. 

' C1,0,, OUoric Tetroxide. 

The oxides of chlorine are all unstable compounds, very prone 
to decomposition, and of little imjiortBnce. 

143. Hypochlorous Anhydride is obtained by acting upon 
mercuric oxide with dry chlorine, as a blood-red mobile liquid 
below 20° 0. (68° F.), HgO + 2CI, = HgCI, + CI.O. Above this 
temperature it ia a yellowish, pungent gas, resembling chlorine in 
many of its properties. It is a more powerful bleaching and 
dimnfecting agent than chlorine, owing to the ease with which it 
decomposes. Water dissolves 200 times its volume of it, forming 
a colorless solution of hypochlorous acid. It sometimes 
decomposes with a alight jar, or even spontaneously, with the 
separation of chlorine and oxygen. Hypochlorous acid is un- 
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important, but it forme & Beriee of salts cnlled hypochlorites. 
A BolutioD of the eodium salt, liquor sodEe chlorinatse 
(U. S. P.l, ( Lubarroque's Bolutioo), potassium hjpocLlimte, 
liquor potassii chlorinatEC, and calcium hypochlorite, or 
chloride of lime, are the most importRDt compouDds. 

144. Chlorous Anhydride may be formed by treating po- 
taE«ium chlorate, K.CIO3, with dilute nitric acid in the prfsence of 
arsenious oxide. It is agreeuiab-yellowesploeive gas, soluble in 
wat^r, with which it unites to form chlorous acid, HCIO,, a very 
unstable body which has not been isolated, but which forms 
chlorites. None of these ealte are of importance. 

145. Chloric Tetroxide tnaj be obtained by treating notas- 
sium chlorate with strong Sulphuric acid, as a yellow explosive 
gas. It is a jiowerfui oxidizing agent. Below — 20° C. ( — 4° F.) 
it is an orange- red liquid. It forms no corresponding acid. 

146. Chloric Acid (HC10„) and perchloric acid (HCIO*) 
are also known, but are very unstable, and like thoBe before 
mentioned are powerful oxidizing agents. Potassinm chlorate is 
the only salt of note, which will be described under potassiun. 

BROMINE. _ 



Speoiflc gravity 3.187 at 0° C. (82° F.). Density of vajwr 80. H 

147. History and Occurrence. — Discovered by Balard, in 

sea salt, in 182tf. It never occurs native, but is found combined 
with the alkaline metals and magnesium, in see. water, certain 
salt springs and the ashes of seaweeds. It ia obtained from any 
of the above compounds by distilling them with manganic dioxide 
and sulphuric acid. 
M«Hr, + MnO, + 2H,S04 = Br, + MgSOi + MnSO, + 2H,0. 

148. Properties — Physical. — Bromine is a blood-red fum- 
ing! liquid, possessing a strong, disagreeable, pungent and irritat- 
Ul|t iHlor somewhat like that of chlorine. It corrodes animal 
tUtint. It boila at 63° C. ( 145.4° F.), but gives off fumes at all 
Ww|M!rHturt« above its freezing point, —24.5° C. ( — 12° F.). 
^'k(W Jiwwlvot 3.2 per cent, of its volume at ordinary temper- 
ftttur**. U U luluble in alcohol, ether, chloroform and cai-Don 
^i»ut|iiht<lv, iw)iiu'tin){ its color to the solutions. 

Qboiuical.— Thv ohfuiical properties of bromine are similar 
Iv liivMt "M' iihK>riue, but somewhat feebler. Bromine is poison- 
oua. U uwy bo rvouguiwd by its color, odor, or by the yellow - 



or brown color of its solutioo in chloroform. It forms a yellow 
or orange color with starch paste. A solution of argentic nitrata' 
precipitates it from its solutions, as a yellowish-white powder, 
which is soluble with difficulty iu ammonium hydrate. 

149. Hydrogen Bromide (HBr). — This acid may be pre- 
pared by treating phospborus, immersed in cold water, with bro- 
mine, and distilling the resulting liquid. The bromine combines 
with tbe phosphorus, forming PBrj, which is decomposed by the 
water into phosphoric and bydrobromic acids. It may also be 
prepared by the action of sulphuric acid (7 parts acid to 1 of 
water), upon a hot solution of potassium bromide. (Squibb.) It 
is a colorless gas, producing white clouds in the air, is readily 
soluble in water, forming a strongly acid solution, the properties 
of which closely resemble those of hydrochloric acid. The acid 
is used in medicine, and has about the same action as the other 
bromides, but is more active and rapid in its action. 

160. Bromine and Oxygen. — No oxides of bromine are 
known. ■ There are, however, three acids known, corresponding 
to those of chlorine. They are hypobromous acid, HBrO, 
bromic acid, HBrO,, ami perbromic acid, HBrO.. They 
are of little importance, and but one salt of the three acids is of 
interest to the physician, and that is sodic hypobromite, 
NaBrO, used as a reagent for the estimation of urea. It is pre- 
pored in solution by adding bromine to a solution of sodium 

^L Bydrate, having care to keep the mixture cool by ' 

^Beold water. 

H 2NaOH + Br, = NaOBr + NaBr + H,0 
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IODINE. 

Speoiflo gravity, 4.95. 

151. Occurrence. — Iodine occurs in the same localities with 
Murine and bromine, but in more sparing quantities than the 



latter. It is obtained mostly from the ashes of certain seaweeds 
eoUected in Scotland and France. The ash is leached with water, 
the solution evajtorated down until the other f^alts crystallize out, 
lesvine tbe more soluble iodides in solution. The solution is now 
treatca with chlorine, to set the iodine free, aided by a sufficient 
beat to volatilize the iodine, which is condensed in suitable con- 
densers and purified by sublimation. 

152. Properties. — Iodine is a bluiah-black crystalline solid, 
^occurring in bright scales or tablets, which emit, even at ordinary 




IIB 



INOSGAJnO CBBUBTRT. 



I 



temperatures, a very irritatiDg pimgeat vapor. Whea heated, 
thej' melt at 107° C. (225° F.), and boil at 175= C. (347= F.\ 
^viDg a beautiful violet colored vapor, uf the density of 127. 
This vapor condenses directly to the crystalline scales. When 
applied to the skin, it produces a yellowish -brown stain, which 
disappears after a time ; but, a^er repeated applications, it causes 
irritation, thickening and desquamation of the cuticle. It is very 
slightly soluble in water (1 part to 7000), but the addition of 
potassium iodide renders it freely soluble. It is freely soluble in 
alcohol, ether, chloroform, glycerine, carbon disulphide and ben- 
zole. When pure it should leave no fised residue when volatilized. 
Cyanogen is aoraetiniea found as an impurity. This may be de- 
tected by heating the iodine on a water bath, covered with a cold 
watch glafls, upon which the white crystals will condense. Its 
solutions,* when cold, yield a deep blue color with boiled starch, 
which precipitates on standing. Boiled starch is need as an an- 
tidote in cases of poisoning. 

153. Medical Uses.— It is used externally as a counter 
irritant and discutient ; internally, as an antiz^motic and altera- 
tive. In large doses, it acts as an irritant poison. It is elimi- 
nated by the kidneys, saliva and faucial mucous membrane, but 
not by the skin. In administering it, silver spoons should be 
avoided, as it attacks them. The following preparations of free 
iodine are officinal: lodum, Tinctura lodinii, a solution 
in alcohol (,?j to Oj). When freshly made, it is precipitated 
&om this solution with water, hut after some time it undergoes 
changes which prevent this. The so-called colorless tincture 
is made by adding ammonium bydrate to the above tincture, in 
sufficient quantity to decolorize it by converting the iodine into 
ammonium iodide. 

Tinctura lodinii Composita is a solution of iodine and 
potassium iodide in alcohol. Liquor lodinii Composita (Lu- 
gol's solution), is a solution of iodine and potassium iodide in 
water. Unguentum lodinii and Unguent. lodinii comp., 
the former containing iodine and the latter iodine and potassium 
iodide rubbed up with lard, are also officinal. 

154. Hydric Iodide, or Hydriodic Acid (HI). — A solu- 
tion of this acid is prepared by passing faydric sulphide through 
water containing iodine in suspension, until the iodine disappears, 
and then filtering from the precipitated sulphur. The acid, when 
pure, is a colorless gas, funiing in the air, having a penetrating 
odor resembling in most of its properties those of hydrochloric 
acid, although less stable and less active. Acidum Hydrio- 
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dicum Dilutum is officinal, but ia prone to decompositioD, with 
the liberation of iodine. 

Iodides of sulphur, ammonium, araenic, mercury, lead, iroi 
potassium and sodium arc also used in medicine. 

155. Iodine and Oxygen. — There are three or four unim^' 
portant and unstable oxides of iodine known. I^Oh, I,Oj, and 
possibly 1,0,. Two oxygen acids are known, iodic, HIOj and 
periodic, HIO. or HJOsH, (Thomaen & Basarow). The first is 
obtained by treating iodine with nitric acid, and the second by 
passing chlorine through an alkaline solution of sodium iodate. 

The first, when pure, appears as a white crystalline solid, and 
the second as colorless crystals. Both are very soluble in water, 

e easily decomposed, and form salts. 

The following compounds are also known : ICl, ICh, ICij, IBr, 
IFlj and NI3. The last is a very explosive compound. 



SULPHUR GROUP. 

Sulptiur, B = 32. 

Selenium, Se = 70.5. 
Tellurimn, Te = 128. 
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156. Group Properties. — The elements of this group are all 
solid at ordinary temperatures. Their quantivalence is usually 
dyad, tetrad, or hexad. They combine with hydrogen to form 
hydracida, containing two atoms of hydrogen. In binary com- 
pounds they are usually dyad. They form two series of oxides 
and corresponding acids, KO, and ROj, HjEOj and HiROj- In 
the first series their quantivalence is tetrad, and in the second 
hexad. Sulphur is the most electro-negative, and tellurium the 
least so, but all are decidedly negative. 

SULPHUR. 



8p. gr., 2.04, Density of vapor, 32. Melta at 114° C. (287° F.) 

157. Occurrence. — Sulphur was known to the ancients. It 
Mcura in volcanic regions, and is brought mostly from Sicily and 
Iceland. The sulphur occurs native, mixed with clay, from which 
it ia separated by distillation. This element also occurs as sul- 
phates in the minerals, gypsum, CaSO,. 2Aq, Barite, BaSO,, 
etc ; and as sulphides of iron, copper, nickel, and, in fact, with 
many of the metals. 
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158. Preparation. — It is prepared from the native sulphtd 
mixed with more or less earth, found iu volcanic regions of SicilyyJi 
by distilling it from the non-volatile impuritiea. A second 
diatiDation is Decessory to prepare the refined sulphur of the 
market. The second distillation is conducted in a retort, the 
vapor being conducted into a large chamber (Fig. 33), where, if 
the process is conducted slowiy, it collects in the form of a 
crystalline powder called flowers of Sulphur. If the proceas is 
conducted more rapidly, the chamber becomes hot, and the sul- 
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phurthen condenses to a*liquid at the bottom, whence it is drawn 
off into moulds forming ordinary roll sulphur or brimstone. 

Sulphur is also obtained in some localities from iron pyrites, by 
piling it in heaps mixed with wood, to which fire is applied. The 
ore gives up a part of its sulphur, which melts and runs into 
cavities made under different parts of the heap. 

lo9. Properties — Physical. — Sulphur.ln its ordiDary form, 
ie a lemon-yellow solid, melting at 114 C. (234° F,), and boiling 
at about 440° C. (824° F.), giving off a brownish-yellow vapor, 
which in condeDsing returns directly to the solid state. Sulphur 
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is brittle, tasteless, odorlees, a non-cooductor of beat and electri- 
city, and generates negative electrieitT when nibbed. It ia in- 
soluble in water, and almost so in alcohol. It is slightly soluble 
in aniline, phenol, benzol, benzine and chloroform. The best 
solvent is carbon diaulphide, 100 parta of which dissolves 37 parts 
at ordinary temperatures. 

Allotropic Forms. — Sulphur ie capable of existing in three 
allotropic modifications ; two crystalline, and one auorphous and 
plastic. The first variety is that found native, and occurs aa 
octahedra of the second system. (See Art. 76.) It is freely 
soluble in carbon disulphide, from which the crystals separate on 
evaporation. The second variety is produced by crystallization 
from sulphur melted at high temperatures. This variety occura 
as yellowish-brown, transparent prisms of the monoclinic system, 
of Bp. gr. 1.98, insoluble in carbon digulphide, and gradu- 
ally changes into the first variety. Since it crystallizes in two 
distinct spteme, sulphur is said tu be dimorphous. By heating 
sulphur, It melts at about 114° C. (234° F.) to a yellowish lifjuid; 
,_ on raising the temperature to about 150° C. (302° F.), it becomes 
viscid and dark colored, and cannot be poured from the vessel ; 
at a higher temperature, approaching its boiling point, it again 
becomes liquid. If sulphur, in this second liquid stage, be sud- 
denly cooled by pouring into water, it assumes a soft, plastic, 
transparent mass, capaole of being moulded like was. This 
variety, like the preceding, gradually changes into the first va- 
riety, becoming oj)aque, yellow and crystalline. 
Density of vapor at 600° O. (932° P.) = 96 = S„. At 
1000° O. (1832" F.) = 32 = S,. 

Chemical. — When heated in the air, sulphur takes fire arid 
bums with a pale blue fiame, and evolves abundant fumes of 
sulphurous anhydride, BO,. It is generally strongly electro-nega- 
tive and resembles oxygen in many of its compounds. In a few 
compounds it is electro-positive. It unites directly with many 
of the metals, especially when in the melted state, some metals 
taking'fire and burning readily in its vapor. It forms the basis 
ft large and useful class of compounds, many of which resem- 
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ble in composition the corresponding compounds of oxygen. 

Thus, carbon diaulphide, C'Sj, corresponds to carbon dio 

CO,, Corresponding to hydric oxide, H^O, we have hydrii 



phlde. H,S, and to cyanic, CNOH, we have sulpho-cyanic acid, 
CNSH. Corresponding to carbonic acid, HjCOj, we have sulpho- 
c&rbunic acid, E,C8,. 
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160. Uses. — Sulphur U used in the arte, in the manufacture 
of sulphuric acid, K^SO., aa a bleaching agent for straw and 
vf<w)leu goods, and in the manufacture r>{ matches and gun- 

fiowder. In medicine it ia used an a parasiticide, and as a gentle 
axative, although not as frequently as formerly. It is innocuous. 

161. Officinal Forms. — 1. Sulphur sublimatum, com- 
mercial flowers of sulphur. 2. Sulphur lotum, washed 
sulphur. Flowers of sulphur usually contain small quantities of 
sulphurous oxide, which is removed by washing with hot water, 
8. Sulphur prsecipitatum, lac sulphuris, milk of sulphur, 
is made by boiling for two hours sulphur and fresh slaked lime 
suspended in water. 

3CaO,H^ + 23, = 2CaS + CbS,0, + 8H,0. 

The filtered solution of CaS and CaSjOj is then diluted and 
treated with dilute hydrochloric acid as long aa a precipitate 
forma. 

2CqS + CttS,0, 4- aHCl = BCaClj + SH^O + 2Sj. 

The calcium chloride, being very soluble, remains in solution. 
The sulphur is to be thoroughly washed with water, until free 
&om acid. It is a fine white powder, easily suspended in water 
and viscid liquids, 4. Unguentum sulphuris, IT. S. P., con- 
tains one part of sulphur to two of lard. 

162. Sulphur and Hydrogen. — Two compounds of sulphur 
and hydrogen are well known — hydric sulphide, H,8, and hydric 
persulphide, H,Si. The first only is of sufficient interest to merit 
description here. Hydric sulphide, hydro-sulphuric acid 
and sulphuretted hydrogen are synonymous terms. It is 
found in volcanic gases, in some mineral springs, and as a re- 
sult of the decomposition of organic matter containing sulphur. 
At an elevated temperature, the two elements may be made to 
unite directly. 

163. Preparation, — The usual method of preparing it is to 
act upon a sulphide, usually ferrous sulphide (FeS), with dilute 
sulphuric acid. 

164. Properties. — H]S is a colorless, transparent gas, of an 
unpleasant odor resembling that of rotten eggs, soluble In water, 
to which it imparts acid properties. It is somewhat heavier 
than air, its density being 17 and its sp. gr. 1.177. At a tem- 
perature of — 74° C. (—101.2° F.), or under a pressure of 17 
atmospheres at 10" C, (.50° F.), it condenses to a colorless, mobile 
liquid, which at — 85° C, ( — 121° F.) becomes an ice-like solid. 



> It burna with a, blue flame, producing water and Bulphuroiu 
' ' ! or anhydride, SO,. 

SHjS + 80, = 2HiO + 2S0j. 

If the supply of oxygen is deficient, HiO is produced, while 
the sulphur ia deposited free. It is decomposed by chlorine, 
bromine, iodine, and oxidizing agents in general. It is also de- 
composed by sulphurous oxide. 

When the gas is allowed to bubble through a solution of an 
alkaline hydrate, the sulphur and oxygen exchange places, with 
the formation of a sulphydrate. KOH + US = KSH + H.O. 
When it is passed through a solution of a metallic salt, it forms, 
in many instances, a sulphide of the metal. CuSO, -|- H^ ^ 
CuS + H^SOi. It is, on this account, largely used in the labor- 
atory as a reagent for the separation of the metals from one 
another. Minute quantities of 11,8 may be detected by its odor, 
or by the brown or black color it imparts to a paper moistened 
with a solution of plumbic acetate. Its principal use is as a 
reagent. 

165. Physiological. — When inhaled, it is not an irritant, but 
a narcotic poison, even when largely diluted with air. According 
to Faraday, birds die in air containing t^u of it, and dugs in 
one containing rci- According to Letheby, human beings cannot 
live in an atmosphere containing more thikn one per cent. Its 
action is principally a reducing one upon the h;Bmoglobin of the 
blood, and prevents this fluid from absorbing oxygen, although it 
probably docs not combine with it. (Wurtz.) Hydrosulphurio 
acid is formed in the intestine, from the decomposition of albu- 
minous matters, especially where there is any impediment to 
digestion, or to the onward movement of their contents. It also 
sometimes occurs in abscesses, in the urine and bladder. 

This gas is almost a constant ingredient in the gas of sewers 
and privy vaults, existing free or combined with ammonium 
aa ammonium sulphydrate. Poisoning by this gas may be 
acute or chronic. The latter is more common, producing a 
febrile state, with malaise and general debility. The injurious 
effects of sewer gas are partially due to this form of poisoning, 
although not entirely. Occasionally this gas is so concentrated 
in sewers that those who enter them sufier with acute poisoning, 
&11 almost instantly, and if not rescued, die in a short time. 
The treatment, in such cases, should consist in pure air, or oxygen, 
with brandy and water. Chlorine water, or a mixture of potassium 
chlorate and dilute hydrochloric acid, may be administered inter- 
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gaoic matter givee to the acid a dark color. Arsenic and iron t 
Mmetimes found in the comniercisl add. 

The C. P. acid should not contain lead, iron or organic matter. 
often contains osiJea of nitrogen and sulphurous acid. Sul- 
ric acid and soluble sulphates are easily detected by the 
of barium chloride, or nitrate, with which they form a whit« 
precipitate insoluble in hydrochloric acid. Lead, silver and 
mercury must first be removed with H3, and the solution 
diluted. 

176. Fuming Sulphuric Acid—Nordhausen Acid 
(HiS,0,), is obtained by distilling ferrous sulphate. The first 
portions are a. white crystalline solid, fusing at 35° C. (95° F.), 
having the above composition. 

The commercial acid is a brown, oily liquid, fuming in the air, 
and htssing when dropped into water. Some chemists regard it 
as a solution of SOj m H,SO,. When heated, it gives off SO* 

id H^.. 

H,S,0, =H,SO, + 80,. 

It is used in manufacturing alizarine, eosin, etc., and as a sol- 
^nt of indigo. It forms a series of salts called disulphates. 

177. Sulphur with Chlorine, Bromine and Iodine — 
Sulphurous Chloride (8,0,). — A yellow, volatile, fuming 
liquid, formed by distilling sulphur in an atmosphere of chlorine 
gas, and having a powerAi) solvent power for sulphur and sul- 
phuric chloride. 

It is decomixised by water, but mixes with benzol and carbon 
dieuJphide. SCli, and several oxychlorides, are known. Bro- 
mine unites directly with sulphur to form a red, unstable liquid, 
probably consisting mostly of SjBri' 

Iodine and Sulphur combine directly when gently heated, 
even under water. When 127 parts of iodine luid 32 parts of 
nulphur are heated they form a steel-gray crystalline mass, 8.,I„ 
sulphuris iodidum (U. S. P. and B. P.), said to be a pow- 
erful remedy In certain skin diseases. It melts at 60° C. ( 140° F.), 
fuble in water. Other iodides have been described, 

it are unimportant. 

BELENIUM AND TELLURIUM. 

Se. 79-5. Te. 128. 

: clement^ are rare and of no special interest to the 
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NITROGEN GROUP. 

Nitrogen, N = 14 III or V. 
Phosphorus, P = 31 III or V. 
Araenio, As = 76 III or V. 
Antimony, Sb =123 III or V. 
BiBmuUi, Bi = 210 III or V. 

179. Group Characteristics. — A well defined group with 
nitrogen at the negative end and biamuth at the positive. The 
atomic weights form a graded aeries from 14 to 210. The firstls 
a gas ; the second a volatile solid ; the third a volatile, crystal- 
line, metallic- looking body, showing a slight tendency to alloy 
with metals and combine with acids ; the fourth less easily volatil- 
ized, crystalline, possessing a brilliant lustre, alloying with metals, 
and showing a tendency to act the positive rOle with acids ; the 
fifth, also crystalline, having a metallic lustre, and showing 
more marked positive tendencies. They are all both triad and 
pentad, and form two series of compounds. 

The following will exhibit the relations of some of the most 
important compounds ; — 



AsH, 



NCU ... 
PCI,, PCI. 
AaCl,, AbCI, 
SbCl„, SbCI, 



N,O..NjOs 

Ab,Oj, AsjOj 



,. P.8. 
„ AbjS, 
,. Sb,S, 



NITROGEN. 



180. Occurrence. — Exists free in air, mixed with oxygen. 
It is also found free in the gases found in the stomach, large and 
small intestine, the urine, etc. Combined, it occurs as nitrates of 
potassium, sodium and calcium, in ammonia, and in many vege- 
table and animal bodies of the proteid group. 

181. Preparation.— From the air, by burning phosphorus in 
a confined space until the oxygen is removed, or by passing air 
over copper or iron turnings heated to redness, the nitrogen pre- 
pared by both these methods contains small quantities of other 
gases found in the air. To prepare it pure, heat ammonium 
nitrite (NH.NO,). 

182. Properties— Physical. — A colorless, transparent, odor- 
less, tasteless, incombustible gas, not a supporter of combustion or 
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of animal respiration. It is not poisonous; very sparingly solu- 
ble in water or alcoliol. One part of water diaaiilves, at tne ordi- 
nary temperature and pressure .020 parts of this gaa. Chemi- 
cally, nitrogen is characterized by ita inertncsg. It unites directly 
with magnesium, boron, vanadium and titanium. Indirectly, it 
forms a great number and variety of compounds, many of which 
are unstable. Under the influence of electric discharges nitrozen 
can be caused to unite with hydrogen to form ammonia, NHj, 
and with oxygen to form nitrous and nitric oxides. From this 
source most of the nitrogenous products necessary to sustiiin 
jdaot life are primarily derived. 
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183, The atmosphere is composed principally of nitrogen 
and oxygen mixed together in the proportiou of 20.93 parW of 
oxygen by volume to 79.07 parts of nitrogen, and, by weight, 23 
parts of oxygen to 77 parts of nitrogen. 

Althoueb air is a mixture and not a definite compound, it is 
remarkabTv constant in composition. Regnault found in 233 
analyses of air, at different times and places, that the per cent, of 
oxygen by volume varied between 20.908 and 20.999. That air 
is a mixture is proved by: Ut, its gases are not predentin the 
proportion oftheir atomic weights; 2d, air can be made, to answer 
all the properties of the atmosphere, by a mechanical niixturn 
of the gases; 3d, solvents for oxygen, as an aikalino solution 
of pjrogallic acid, remove this gas from the air; 4th, each gas 
dissolves in water independently of the other, and with its own 
solubility ; thus, by espelliug the air from water, by boiling, and 
analyzing it, we find it to correspond to that calculatetl frotn the 
known solubility of the two gases. 

The analysis of the air espolled from water cotitaiuB 33 per 
cent, of oxygen, and 67 per cent, of nitrogen ; it is, therefore, 
much richer in oxygen than the atmosphere. Owiug to the rapid 
difliiaioD of the gases, the disturbances in composition due to the 
respiration of animals and manufacturing processes, are soon re- 
stored. Besides the two chief gases found in the air, there are 
various other ingredients found in small quantities; as water 
vapor, carbon dioxide, ozone, ammonia, nitric aud nitrous acids, 
Iiydrocarbons, solid particles of dust, sodium chloride, vegetable 
geroiB or spores, bacteria, etc. Air in which animals are con- 
line'), also contains some of the organic exhalations from their 
Wies. In the neighborhood of large cities, various other sub- 
stances are poured into the air from manufacturing establishments. 
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The essential ingrwlieiits are oxygen, nitrogen, carbon di- 
oxide, and watery vapor. The rest of those enumerated, may be 
regarded as amdentul, and not essentia) tu the growth of plants 

184. Wfatery Vapor, — The proportion of watery vapor in 
the air varies considerably with the temperature and locality. 
The air is seldom saturated in the daytime, and contains less 
inland than near targe bodies of water. The higher the temper- 
ature of the air the more moisture it will hold ; thus, at 0°C 
(32°F.), 1 cu. metre (1.3 cubic yards) is saturated by 5.4 grammes 
(83.3 grs.) of water, and at 25''C. (;77°P.), the ordinary temper- 
ature, it requires 22.5 grammes (347 grs.). Or, at 77°^., one 
cubic yard wiil be saturated by 267 grains of water, and one 
cubic toot by about 10 grs. In reality, the air will seldom be 
found to contain more than 60 or 70 per cent, of this amount 
When one cubic metre (1.3 cu. yds.) of an atmosphere, saturated 
-at 25=C. (77°^), is cooled down to 0°C. (32r.), it will deposit as 
dew, rain, or fi-ost, 22.5 — 5.4 = 17.1 gms. (263.8 grs.)- The 
temperature at which air begins to deposit its moisture, on being 
cooled, is called the dew point. The dew point will depend 
upon the amount of water actually present in the air. The 
amount of moisture is determined by psssiDu; a known volume of 
air through tubea containing calcium chloride, which absorbs the 
water. The increase in the weight of the tube gives the weight 
of water. The amount of vapor in air varies from .3 to 1.6 per 
cent, by volume. The dampness of the air does not depend upon 
theatnount of water it contains, but upon the degree of saturation. 
A cold damp air, when heated, becomes dry ; hence, the neces- 
sity of supplying moisture to the heated air in our rooms in winter. 
A very dry air irritates the air passages, produces dryness of the 
akin and malaise. A very moist atmosphere checks evaporation 
from the skin and lungs, raises the bodily temperature, and soon 



185, Carbon Dioxide. — The average amount of carbon di- 
oxide, CO^, in country air is 4 parts in 10,000, and varies from 
3 to 6 parts. It is greatest near large cities and manufactories, 
greater during the night than the day, on land, and the reverse 
on the ocean. Plants remove it from the air in the daytime, and 
the cooler water at night, more than the warmer water during 
the day. (See Carbon dioxide.) 

186. Ammonia. — This exists in the air, in very minute 
quantities, in the form of carbonate, nitrate and nitrite, the result 
of the decomposition of animal and vegetable organic matte 



THE ATMOBPIIERE. 

ll ia (Specially evolved from urinals, privy vaulbi and Lorse 
stablpB. It is washed out of the air by ialling rain, and is taken 

^ up from the soil by plai 
187. Nitric and Nitrous Acids occur in extremely minute 
quuitities, and are produced by the direct uuion of oxygen i 
nitrogen in the preseuce of watery vapor, under the influence of 
discharges of lightning. Tiiey exist principally in combination 
vith ammonia. 

Hydrocarbons, the principal of which is marsh gas, are fre- 
quently tbund in the air of cities, coal mines, wells and swampy 
aistrictfi. It is produced by the deconipmition of vegetable 
matter under water, and in some industrial processes. 

iM. Accidental Gases in the Air. — The gaece generated in 
certain manufacturer are sometimes allowed to escape iuto the 

Ik from the rooms in which worlcmen are employed. Some of 
Bee are harmless and others hurtful. Among the first class may 
■ mentioned carbon dioxide, when not in too large quatiti- 
ee, and ammonia. To the second cla.'<B belong hydric sul- 
phide, ammonium sulphydrate, sulphurous oxide in 
large quantities, vapors of mineral acids, carbon dlsul- 
phide, etc. 

Hydric Sulphide, or Sulphuretted Hydrogen, is found 

ill certain tunnels and mines, caused by the decom|>osition of iron 

pyrites. It is also found in the air of some marshes and sewers. 

The symptoms produced by breathing small quantities of this 

gas. are those of debility and aneemia ; in larger quantities, head - 

ache, vertigo, weak pulse, sweating and prostration. 

Sulphydrate of Ammonia produces nearly the same symp- 

^^toms as hydric sulphide. It occurs in the airof sewers and privy 

^^blts. Both these substances are easily destroyed by chlorine 

^^Mulphurous oxide. 

^^Bouiphurous Oxide, unless in considerable quantities, and in 
^^PWoeed room, does not seem to have any deleterious effect upon 
the workmen. In bleachers it sometimes produces irritation of 
the bniuchial tubes. 

Hydrochloric Acid, Nitric Acid, and Chlorine in con- 

"irable quantities are very irritating to the lungs and coujunc- 

Carbon Disulphide produces unpleasant and deleterious 

'r containing it; as headache, 

IS of appetite. 




» 
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lMCt«rt« eernu, etc. Theoe cospended puticka nuT be regarded 
an impuntiee, and many of them are iDJoriom to bealtfa. Woc^- 
mi^n in variuuit triide« are aeriouslj afiected hj the duet to 
wbioh tbcy are exposed ; m miners, espedallr of lead and coal, 

frindera of metaU, wool sorters, rag pickers, feather dreeBen, ttc 
lie irritatiun of the dum of these and other trades may cause 
chronic bruncbitia, eraphyeenui, phthi^, or chronic poiaoQiDg. 
(lAfiDit of various kinds are believed to caa^e manyof ihe conta- 

f;ioua aud malarial diseaeee, and may be carried some distance 
D tlie air. Sijme of these germs aeem to be easily oxidized, while 
utiiont are very pentiatent. The best disinfectaots for thdr de- 
Htructi'in, are free ventilation and conseqaent dilution, chlorine, 
bromine, iodine and sulphuroue oxide. 

IIX), Dilinfectants, Germicides,* Antiseptics, Deodor- 
izer!. — The presence of odors and organized " germs " in theair, 
often re<iuire the utie of one of the above agents. Disinfectants 
are a elaaaof bodies which areeupposed to destroy the germs, and 
thuK prevent them from causing their specific action either upon 
the human body or in dccompoBable organic bodies or solutions. 

The iniiNt efficient of these is heat. Organized germs may be 
fllteroil from tiie air by passing it through cotton wool ; or they 
may Im removed by inclosing the air in an air-tight box or 
chamber, the ineides of which are moistened with glycerine. 
(Tyndal.) Ozone, chlorine, bromine, iodine, sulphurous oxide, 
mercuric, xinc, aluminium, magnesium and calcium chlorides, 
potawium chlorate, potassium permanganate, carbolic, boric, 
cretiylic and sulphuric acids, thymol, menthol, camphor, etc., are 
among the disinfectants most used. 

Antiseptics are aeenta which retard or entirely prevent 
putrefaction or growth of microscopic germs and organisms. 
While disinfectants destroy the cause of infection, anti- 
■epticB prevent the development of these causes. Low tem- 
perature retards putrefaction, and is, therefore, an antiseptic 
agent. These two terms are frequently used interchangeably. 

Asepsis is a condition of entire absence of any germs or cause 
of infection. Deodorizers are bodies used to destroy offensive 
odors. They may be either solid, liquid or gaseous. Solids — 
dry earth, lime, charcoal, ferrous sulphate, carbolates of calcium, 
■odium and magnesium. Liquids — solutions of plumbic nitrate 

' A gtrmicide is an agent wlilch has the power of killing the germs, 
and thua preventing their growth. A <Jiainfecta[it desCrojB the inrectioo* 
propertias of a septic matter, whether this be due to germs or some other 



IS or some other y 
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" (LeAoyeo's fluidl, zinc chloride (Buruett'a fluid), potassium or 
eodiura pertnauganate (Condy's fluid), a mixture of copper and 
nine sulphates (Lanande'a disinfectant), solutions of ferric chlo- 
ride, of ferrous sulphate, hypochlorites, etc., are among the beat 
known. Gases — pure air, ozone, chlorine, bromine, and sul- 
phurous oxide are those most effective. Fumigations nith tar, 
herbs, and various aromatic substances, only disguise the offen- 
sive odors, but do not destroy them. 

The ordinary offensive odors are due to hydric sulphide (H^), 
ammonium sulphhydrate (NH.HS), phosphoric hydride (PH,),. 
and complex ammonium compounds. Chlorine, ozone, and ni- 
trous oxides will destroy these gases by oxidation, and thus 
destroy the odor. 

It sbould be remembered that these odors, in themselves, may not be in 
any degree iojurioDB to health, when ia small quantity, but thej serve to 
warn na of the presence of other producta of piilrefactioQ which aecom- 
pany them, and which are injurious. The fact that efficient disinfection 
of the air can prevent the spread of the contagion of diseBSoiB well known. 
Chlorine and sulphiiroaa oxide are the two agents most In use, and of 
these the former is very much to -he preferred, but the latter is uied for 
fliraiahed rooms, because of its less destructive action on articles exposed 



Itisdoubtfiil whether organized germs ci 
diainfectants, except in tightly closed r 
*k — :_ „r_^ i-u «i :^.^- — „..n 



D be destroyed in the air by any 
lis. The attempt to disinfect 
vith the various so-called "dTsiiifcctants" of the market 
IB worse than uaeleas. It engenders a feeling of security where there is 
none. These floating germs can certainly stand as raiicll, and in most 
cases, more than man, and therefore, no room can be disinfected while 
it is occupied by human beings. The author has found by experiment, 
that most of the ordinary antisepticB, when diffused through the air of an 
Drdiuary room, are almost without action on putrefactive bacteria, unless 
the quantity be great enough to make the air irrespirable. 

The following table shows the amount of water it is necessary 
to add to one part of the substance named, which barely permits 
the development of bacteria in meat infusions, according to 
M. Jalan de la Croix : — 



Eucaljpto! 

Phenol (Carbolic acid) 

Potass, permanganate 



2, -229 
3,041 
S,041 




Oil of mustard 


5,734 




7,-534 


Alumiuiunj acetate 


. 7,535 


Salicylic acid 


7,677 


Mercuric chloride 


a,s5a 


Calcium hypochlorite 


13,092 


Sulphuric acid 
Iodine 


16,782 


20,020 


Bromine 


20,875 
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i^ mostly given olf as ammonia. The ammonia liquor is treated 
with hydrochloric acid, and evaporated to dryness, when aa im- 
pure Btumonium chloride, sal-ammoniac, is obtained. This may 
be parified by recrystallization or sublimation. This salt, heated 
with lime(CaO) gives off ite ammonia. This is conducted throu^ 
a series of Woul/e bottles containing water, in which the gaa dis- 
Bolves, forming aqua ammonia, from which the other compounds 
nay be prepared. 

2NH,CI -|-.CaO = 2NH, + H,0 + CaCl,. 

192. Properties. — A cniorless, transparent, pungent, irre- 
spirabJe gas. Does not support combustion or burn in air, but 
buFDs with difficulty In au atmosphere of oxygen, forming water 
and free nitrogen. It has a strong alkaline reaction on moistened 
lltDius paper, which, however, is not permanent, owing to the 
volatility of the ammonia. 

It is lighter than air. I.iqiiefiea at — 40^C. (—40^.) ; or at 
lO'C, (50~'P.), under a pressure of 6.5 atmospheres, to a color- 
liquid of specific gravity 0.76, which solidifies at — 75° C, 
(— 103=F.). 

It is very soluble in water; one volume of water at 15'C. 
(69'F.) dissolves 783 volumes of the gas with the evolution 
of heat, forming the solution known us aqua ammoniEe or 
liquor ammonlse, which may be regarded as a solution of am- 
monium hydrate, NH4-O-H. 

Thia solution, on being heated, gives up most of the gas again. 
Aqua ammonise fortuor (U. S. P.) contains 28 per cent., by 
weight, of the gaa, and has a ap. gr. of 0.900 at 15°C. (SS^F.). 
Aqua animoniEe(U.8. P.) contains 10 per cent, by weight, and 
has a sp. gr. O.y.W at 15''C. (SD^F.) It is a colorless, transparent 
liquid, with a pungent odor, and alkaline taste and reaction. 
It forms, by direct union with the acids, a series of salts containing 
the compound radical Nil,, called ammonium. Ammonia is vola- 
tile, and hence it is sometimes known as the volatile alkali. The 
compounds of NH, closely resemble those of Na and K, and will 
'" insidered with them. The strong solutions of the gas act 
caustic upon anima! tissues, and are, therefore, corrosive 

, Composition. — This may be determined by deconi- 
..g, the gas by passing a series of electric sparks through a 
entity of it inclosed in a eudiometer tube over mercury. The 

.lime increases until double the original volume is reached. 

(T Introducing a quantity of oxygen equal to that of the am- 
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monia used, and ignitiog the gases by the same epark, the Tl 
drogen and oxygeo coiubiue, and after condensing leave tfi^" 
nitrojien, whii-b occupies one-lialf the original volume, or one- 
fourth the volume of the mixed hydrogen and nitrogen after the 
decomposition. It is thug shown to be composed of one-fourth 
nitrogen and three-fourths hydrogen. 

We may also arrive at the same result in, the following 



Prepare a glass lube of about 1 c.o- (J iri.) calibre, eloaud at one end : 
through the stopper in the open end pass a funnel tube drawn lo a point and 
provided wilh a Blop-cock. FID the tnbe with pure dry ehlorine, and in- 
■ert the cork. Fill (he funnel tube with alrong ammonium hjdrate aoln- 
tion, open the atop-etick, and allow a portion of the liquid to enter the 
tube. The chlorine decampoees the ammonia gas, comblDing with its own 
volume of hydrogen and eellitig free the nitrogen in combination wilh it. 
Bj removing tbe stopper under water, the water will rise to fill the tube, 
ezcep^uE that portion occupied bj the nitrogen, which will be foaud to 
be one-lnird of ihe whole luhe. 

Now, as the chlorine combined with its own volume of hydro- 
gen, or with the tube full, and left one-third of that volui 
nitrogen, it ia easy to see that the ammonia was composed of 
three parts by volume of hydrogen, and one part of nitrogen. 
Since gaseous molecules all occupy the same space, three moIi 
culea of hydrogen and one of nitrogen form two of ammonii 
3H, + N, = 2NH,. 

The compounds of ammonium with acids will be considei 
under the head of salts of alkaline metals. 

194. Tests.— Smell. Fumes with HCI. Moistened red Html 
paper is changed to blue by it. Nessler'a test, see Art. 125. 

195. Hydroxyl Amine (NB,0 or Nu^j^).— This compound, 
closely related to ammonia, may be regarded as a molecule of 
ammonia in which one hydrogen atom Has been replaced hy the 
hydroxyl radical. Prepared by treating tin with dilute nitric 
acid, or a mixture of this acid and hydrochloric acid. The 
nascent hydrogen generated, reduces the acid and forms the 
above compound, which combines directly with the remain! 
free add. 

HNO, + 3Hj = HjNO 4- 2HjO 
H,NO + HCI = NH,OH. HCI 

Hsdmljl Hydrwhiurido uf 

Amine. Hjdnnyl Amine. . 

It is an unstable liquid, not obtainable in a free state, i 
poBseasea decided basic properties — blues reddened litmus pap( 
and combines directly with acids to form salts. 



i of 

.ole^H 

M 



NITROGEN AND HTDEOGEH. 137 

196. Nitrogen Chloride (NCI,).— When chloriDC, in ex- 
cess, u made to act upon ammonia, or a solution of animoniuin 
cMorlde, the chlorine at first sets free nitrogen, and forms am- 
nuDium chloride; the excess of chlorine then acta upon tha 
ammoniuin chloride, to form nitrogen chloride. 

ND.Cl + 3C!, - NCI, + 4HC1. 

197. Properties.— A yellow, oily liquid, insoluble in water, 
possessing a disagreeable, irritating odor. 8p. gr. ^^ 1.6n3. It is 
very explosive, and in contact with any combustible matter, 
explodes spontaneously. It should not be prepared in large 
quantity. 

198- "Nitrogen Iodide (NHI, or NQ. Preparation.— 
By lightly triturating iodine, in a mortar, with strong ammonium 
bydrate, or by pouring an alcoholic solution of iodine into strong 
ammonia water. 

199. Properties. — A brownish -black solid, insoluble in water, 
which, when spread out on filter paper and dried, explodes with 
the slightest touch, or by » gentle breeze; the explosion, how- 
ever, is not nearly bo violent aa that of the chlorine compound. 

200. Nitrogen and Oxygen. — Five oxides of nitrogen are 
known, whose names, graphic formulio and corresponding acids 
are as follows ; — 

KitrouB OiidB ; »— O-N HyponltrouH AcidH— O— (T 

Bitrlo Oxide — 0=N NXO 

Hitrous Anhydride O^IT— O— NIIO Nitrous Acid... H— O— N^O 

Bitric Peroxide I J ^=-tJ—n—'K—i> 

^"r/ZnhyTridt! |fcN-^N=? Nltrio Aold H-^NzS 

201. Hyponitrous Oxide. Nitrous Oxide, Laughing- 
gas. Nitrogen Monoxide. Nitrogen Protoxide (N.,0). — 

Discovered in 177B, by Priestly. AnsEathetic effect first dis- 
covered by Sir Humphrey Davy, First used in dentistry by 
Wells, of Hartford, Ct. First came into notice aa an anaisthetic 
, in 1863. 

»202. Preparation. — By gently heating ammonium nitrate, 
hea it decomposes into hyponitrous oxide and water. 
NH,NOj = N,0 -i-2HjO. 
For anfesthetic purposes, care should be exercised to keep the 
temperature of the retort between 210''C. (410"^) and 2i)0°C. 
(482''F.), as below the former the decomposition does not take 
place, but the salt sublimes ; white above the latter, nitrogen di- 
^Vde and trioxide are generated. As an additional safeguard. 




138 raORGANTC CHEMBTHY. 

the gaa slioulil be caased to bubble through solutions of sodium 
hydrate and ferrous aulphate, to remove these higher oxides. 

'203. Properties. — A colorless, odorless, sweetiah-taating gaa, 
slightly soluble in water, more so in alcohol. Density 22. 8p.gr. 
1.527. Under a pressure of 50 atmospheres at 7'^C, (_45°F.) it 
ooudetises to a colorless liquid, which resumes the gaseous state 
tks sDUii US the pressure is removed, the temperature sinking so 
tow aa to free/e a portion of the liquid into a white, snow-like 
Boliil. Sp.gr. of liquid 0.908. Boiling point —88''C. (—126'F.) 
Freezing jjoint about — 101°C. (j—ldO^F.) It is neutral in 
reaction, i. 0., neither acid nor alkaline. It supports the 
OoiiibustioH uf bodies, very much like oxygen; this is due to the 
fhct thnt tlie heat of the burning bodies decomposes the gaa, 
giving an atmosphere about tbem containing twice as much 
oxygrn lis ordinary air. For ansesthetic purposes, the liquefied 
giM IS now sold in wrought-iron cylinders, provided with a stop- 
oook, so that the gaa can be drawn from the cylinder as needed. 

'204, Physiological Effects .^Nitrons oxide causes, when 
Snt iiihaleil, an exhilaration, then aueesthesia, and finally, as- 

Iihyxia. It will not support the respiration of plaota or animals, 
t dwnia to act partly by excluding air, and partly by its direct 
frttH't ujmn the nervous system, but does not enter into any chemi- 
vhI wuiliiiiutiou iu the blood; it simply dissolves in this fluid. 
Wlu'H iuIximI with oxygen, and administered under an increaaed 
pr«iturt<. ihv ttnivalhesia may be kept up for a long time with 
lHdl>ty, Doat hs fr<.)ni its inhalation are rare. It does not undergo 
i)iHHiui|tu«ition in the blood. It is much used for short operations, 
and i<Mpe(«inUy for the extraction of teeth, opening abscesses, 
lltloHR, rto. Uoeovery is prompt and complete within a few 
liiiitUtM after its withdrawal, A solution in water, containing 
tlvt" vi'liitmw of Mil' triis, has been administered internally. 

'.'iV"> H\-|',Mii!rvnis Acid (UNO). — This acid may be pre- 
|nii.'.l ■ I liviiiMi-hloric acid on the silver salt. 

i '1 Ki )N' 1 is formed by the action of sodium 

iiiiml-' ' ' I' ■' > liiii iiilrili' or nitrate; preferably the former: 

KoSo. -.'11: KOS + 21LO. 

Tlin i>ilvi-r cult is ti vollow. almost insoluble powder. 

•JtKl. Nitric Oxide or Nitrogen Dioxide. NO or N,0,— 
I'n'ImuvI by (hi' lu-liou of nitric acid upon copper. 

Srii ( XlINO, aCuiN'O,*, + NjO, +JH,0. 

8Wi, Properties. -.\colorles3,transparentga8,verysparingly 
\vAHv> iu wttter, iuon> ooKiblo iu alcohol. Density 15, sp. gr. 

(>;ui. — 
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The density would make the moleculnr weight 30, and the forranltt NO, 
whicb is iLoom aloud, aa in this case nitrogen masl be coneiilured ma dyaA. 
The ordinary laws of valence would make it NjO]. It is probable that 
U lover lemperutures Ibis is the proper formiilii, and at the hiKher 
temperature liissociation lakes place; N^Og splitting up into NO, NO, as 
liaB been proven to occur in the case of NjO^. 

By cold and pressure, the gaa has beeu reduced to a liquid. 
Bodies which evolve conaiderable heat in burning, as, fur ex- 
ample, phosphorus, burn in this gas ; first decomposing it, and 
then uniting with its oxygen. In contact with free oxvgen, or 
air, it takes up this gas and is converted into NaO,, or S,Oa, ac- 
cording to the amount of oxygen present. In both cases it gives 
a reddish-brown colored ^, A test for free oxygen. It is rap- 
idly absorbed by a solution of ferrous sulphate, to which it im- 
Erts a deep brown color. Its action on the economy ia not 
own. It forms no corresponding acid. 

208. Nitrous Anhydride (N^)-— Prepared by the direct 
union of nitric oxide tNO] and oxygen, mixed in the proportion 
of four of the former to one of the latter. Also, by warming 
nitric acid with starch, or araenious acid, and by the action of 
the peroxide on cold water. 

2NjOi + HjO = N,0, + HNOj. 

209. Properties.— A dark blue liquid, boiling at 0°G. (32°F.), 
with partial decomposition into NO and N^O, which recombine 
on cooling. It combines directly with water, producing nitrous 
acid (HNOa)i which, on warming, decomposes into nitric acid 
and nitric oxide. 

SHNO^ = HNO, + 2N0 + HjO. 
Ab will be seen from the above, this oxide is very unstable. 

210. Nitrous Acids and Nitrites. — The acid is not known 
in a pure state, but several of its salts are known. The nitrites 
are formed by heating the nitrates, wheil they give off a part of 
their oxygen. The action is rendered cosier, if lead or some other 
oxidi^ble metal be added to the fusion. The nitrites are pro- 
duced in nature, by the oxidation of nitrogenous organic matter, 
accompanied by certain forms of microscopic life. Such nitrifi- 
cation takes place in waters polluted witb organic matter, and 
normally in the soil. The acid then combines with bases found 
in the water or soil. The presence of nitrites in water, is, for 

1 this reason, looked upon as an evidence of previous contamina- 

P'tion with nitrogenous matter. Further oxidation leads to the 

formation of nitrates in the same circumstances. The addition 




of a dilute mineral acid to a nitrite Beta free reddish-broi 
fumes of NO and NjO,. A solution of argentic nitrate formi 
precipitate with cold, not too dilute, solutions of an alkaliac 
nitrite. Tbese two reactions distinguish these salte from tht 
nitrates. The reddiob fumes, above mentioned, are etrong usl 
oxidizing ageuta, and set free iodine frum potassium iodide. A 
solution of starch, with which iodine forms a deep blue color 
and a solution of potassium iodide with dilute sulphuric acid, 
are used as a test for nitrites in solution. (Art. 122.) 

Nitrous acid and the nitrites act as reducing agents upon 
an acid solution of potassic permanganate, and decolorize this 
latter salt. The nitrites can be taken up by plants, and elabo- 
rated into their structure, and hence, are valuable fertilizers. 

211. Nitrogen Peroxide, Nitrogen Tetroxide, Nitro- 
gen Dioxide (N,0,i. — It may be prepared by mixing twi 
volumes of nitric oxide with one of oxygen. 

2N0 + 0, =N,0,. 

More easily, by heating dry plumbic nitrate in a retort, passing^;' 
thevapors into a cooled receiver, where they condense into a liquid^ 
Pb (NOg)j = PbO + NjO,. 

OompoBitioii,^N3 04 appeura to exist in a pure stale odIt at 
lemperaturea below 0°C. (ay°F). The liquid ia colorless at liheaa 
temperatures, but at its boiline point is yellow ia color, owing to partial 
diBsociation into NO,, which is complete at about 150°C. {302°!'.) 

ThegaaJB always red disli- brown in color, dne to the jireseiice of NO,, 
while NjOj ia colorlesB. The density of the gas at 26''C. 178.8°P.) (the 
boiling point of the liquid), ia 38, and eontaina20 per cent, ofNOj. On 
raising the temperature, the density diminishes and iiiially becomes constant 
At leCC (SU2''F.), and equals 23. This densitj corcesponda to NOj = 46, 
This phenomena of diseociation is frequently noticed in determining the 
denBity of bodies at tefflperatares mncb above their boiling points. The 
laws of quanti vale lice seem to hold, in these cosea, only at the lower tem- 
peratures at which disEoclatiou does not take place; hence, the confiisiOB 
that exiEta in the formuls of such bodies as 

NjO^ or NO,, NiO, or NO, Hg,Cl, or HgCl, etc. 

212. Properties.— Cold water, in small quantity, 
it into NjOj and HNO,, while in larger quantities and wii 
alkaline hydrates, it forma nitrous and nitric acids, or their saltan. 

I The tetroxide, N,0„ and the dioxide, NO,, both act as strong 
oxidizing agents, setting iodine free from the iodides. 

213. Nitric Anhydride and Acid.— N^Oj and HSO,. 
Nitric Anhydride is a white crystalline solid, fusing at SO^C 
(S6°F.), and boiling at 47''C. (IKj.CF.J. Obtained by treating 

. dry silver nitrate with chlorine, or by the removal of water from 
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fuming nitric acid by the action of phosphoric oxide i P;0^^. 
The oxide is unstable, has a strong affinity for water, with which 
it forms nitric acid. It has no especial use or interest. 

214. Nitric Acid —Aqua Fortis, or spirits of nitre 
(HNOj), is the most important of the acids of nitrogen. Does 
not occur free, but as nitrates widelr dis^minated. It is usually 
prepared, commercially, by the action of sulphuric acid upon 
potassium or sodium nitrate, in glass or cast irun retorts. 

XaXO, -r H.SO^ = HNaS04 - HNO,. 

By the application of heat to the mixture, the HNO3 distills over 
and IS condensed in earthenware Woulfe bottles. 

It is also formed in small quantities by the passage of electric 
discharges through a mixture of nitrogen and oxygen. This 
takes place in the air by the passage of flashes of lightning, 
probably by the oxidizing action of the ozone generated by the?^ 
phenomena. The nitrates are formed in the soil and natural 
waters by the oxidation of organic matter, called nitritioation, 
and is induced by certain microscopic organisms called the 
nitrifying ferment. In some localities the process is conducted 
artificially. (See Potassium Nitrate.) 

The commercial acid, prepared as above, contains sulphuric 
acid, traces of iron, brown nitrous oxides and chlorine. It is 
purified by redistillation with plumbic nitrate, which retains the 
impurities and allows the pure acid to distill over. 

215. Properties. — ^The pure acid is a colorless, rather heavy, 
fuming liquid, haying a sp. gr. of 1.52, boiling at 86 "C. ^^186.8^ 
P.), and soUdifying at — 40°C. ( — 10^F.\ The sp. gr. and 
boiling-point of the weaker acid, vary with the proportion of acid 
present. When strongly heated, or on exposure to light and air, 
the acid is decomposed into nitric tetroxide (.NjO*^, water, and 
oxygen, and turns yellow. 

Nitric acid readily gives up a portion of its oxygen, and 
thus acts as a strong oxidizing agent, attacking and destroying 
vegetable and animal tissues and coloring matters. It is some- 
times used as a cauterizing agent, first producing a yellow stain, 
then destroying the tissue. While it oxidizes most organic 
bodies, it enters into the composition of others, forming substitu- 
tion products. Thus glycerine, cotton, sugar, etc., when treated 
with it form explosive substitution products. Most metals dis- 
solve in the acid, forming nitrates; gold and platinum are excej>- 
tions. The non-metals or negative elements are usually oxidized 
by it. Metallic iron dissolves readily in the dilute, but when 
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Fumtng NttiicACML — \ mJitirt hmwn tM Sp.gr. 1..')25. 
Coatitiiiiii^ X/J, or X/>» CJeed ae ■ fwfid oxidiEiog agent. 

216. Omcuial Forms. — Addmn Nitricmn. Sp.gr.l.42i 
u/utaiuii Ot^.4 per cent, of HNO^ 

Acidum Nitricum Dilottun is prepared bv adding sis 
]Mrb> t>f dutilieil water to one of the above acid. Sp. gr. 1.059, 
atid viiiiluitu 10 per ceot. of HXO,. Used for ioteroal adminis- 
IruUnri. Done "I-T-IS. 

Acidum Nitro-hydrochloricuin,or Nitro-muriatlcum. 
I'ni|>nri;il |jy mixing 4 piirt« of acidum nitricum with 1-^ parts 
i.t u.'uUii,, liyilrochToricum. 

Acidum Nitro-hydrochloricum Dilutum; is made by 
inliliitg 711 [lurtM i)f' water to the above formula for the strong 
,wii\ (It, H, 1'. IWO), 

ai7, Teata.— 1. Add to suspected liquid some ferrous aul- 
htiiilti, mill ]ii>iir thu mixture on some strong eulphuric acid -in a 
(.utl' Itiliu, A liluL'k, brown, or reddish zone at the point of con- 
Uwl of itie two lii|iuiU indicates nitric aeid, (See Art. 207.) 

'J. Iluul tlio biiiit|>e{ited solution with some aulpburic acid faiotl; 
luilinvtl will) iiidiKi^ when, if nitric acid or a nitrate be present, 
ltti> bltiu M'Ut will illHttp{Kiar. 

ii. Vliu atmiig Ht'id imparts a deep red color to the alkaloid, 

<t' WhMt huHltM,) with (M>i>t)er turnings, the liquid assumes a 
yVWH M>V'A~. itutl vyvl\w rmiai;^ fuui««. When the acid is iu 

(UHMUtuuUi'^i, U >li\>ii^«i- tM-iil must be added to set it free, as in 

'4lli ^^«itf>10Kieal 1£&«cts.—ln small quantities, well 

iiil(iiiil 11 I'l u -.1 .n'liii,' i.-iiii,*, iud auguieuts the secretion of 

> > I'litpost^il in the body, hut a small 

ij. iikrales; it acts^ theretbre, as 

i-;id Is :i corrosive, violent poison, 

l^L ^ , ^- ■■;miJ.wuJl'«bi«liit« 
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a bright Yellow color, and l&^ eoaroding thi ■■ llicse t 
will befiMnd ob the tongoe bmI baecBu " ••• .rf |-w»»»i:«>g bjr 
tfah Kid. Antidote — milk of line^ — gngaa, or otber all^ies 
wdl diluted, followed bj floftaiiuBg trr.Mlwut. 

PHOSPHORUS. 

Denaiv of vapor = 62. MoJ. wt, 124 ^ P.. 

219.- Occurrence. — Discovered bv Brandt, in 1S69. in urine ; 
aad bj Gaho, id bones, in 1769. Does not occur uative, bui ss 
phoepbates and in oi^anic subetaaces. Most commoo form ia the 
calcium phoephaie, (Ca,i^PO, i, ), derired from bones of prebistoric 
mammals. 

220. Preparation. — Phospfaoras is usaallj prepared from 
the ash of burnt bones, in which it exists as tri-calcium phosphate, 
Ca,(PO,)j. The ash is first converted into a soluble manocalcium 
phosphate, sometimes called superphosphate, by treating it with 
mlphuric acid. 

Caj(PO,), J- 2H,S04 = CftH,(PO,), + 2CaS0,. 
The CaU,(PO,l, is di^olved in water, and drawn off, leaving 
the CaSO, in the vat. This solution is evaporated to dryness, 
after adding powdered charcoal, and then transferred to a retort, 
whose beak dips under water. The relorta are then gradually 
heated to a high temperature, when the CaH,(PO,); is first de- 
hydrated and converted into calcic meta phosphate, Ca(POj i„ and 
water, and then undergoes reduction under the action of the 
carbon, as follows : — 

4Ca(P0,), +6C, = P. + lOCO + 2Ca,P,0,. 

The free phosphorus distills over and coadenses under the water 

as an impure article, which is purified by redistillation; or by 

fusing it under water with sulphuric acid and potassium dichro- 

mate, and then casting it into sticks, in moulds. 

221. Properties — Physical. — Phosphorus is met with in 
several distinct allotropic states. 

The ordinary form is a translucent, waxy-looking solid, which, 
at ordinary temperatures, is tenacious, and about the consistency 
of wax ; but at 0°C. (32°F.) and below, it becomes brittle. It 
melUat 44°a (111°F.) under water, and boils at 290°C. (554°F.) 
By the action of light, it bood becomes coated with a whitish or 
reddish coat, probably an oxide. The sp. gr. is 1.S3 at 10°C. 
(50°F.) It enines in the dark, and when exposed to moist air, 
emits the odor of ozone. It is insoluble in water and alcohol, 
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but solnble in ether, bcniiQe, petroleum, aud ia die fixed and 
ewenlial <nle. Th« bist sulreot U carbon disutphide. From thia 
solution, it s«parat^ in the furm of octahedral and dodecahedral 
crystalij. Wh«n a portion of the solution is poured upon filter 
paper and allowed to eraporate spontaneously, it lakes fire when 
the evaporation is complete. 

Red or Amorphous Phosphorus is a reddish-brown 
amorphous powder, of sp. gr, 2.14, insoluble in carbon disulphide ; 
doea not alter in the air, and does not show the phosphorescence 
in the dark. While ordinary phosphorus is very poisonous, even 
to workmen handling it, this variety is entirely harmless. When 
heated to 260'C. 1 500" F.\ it doea not melt, but gradually sub- 
limea. The vapor is convened into the ordiuary form, which 
takes fire in presence of air. 

Tlie red phosphorus is prepared by heating the ordinary va- 
riety for about thirty-six hours, to a temperature of from 2oO''C. 
(482''F.) to SOO^C. (572'=F.) in au atmosphere of hydrogen, 
carbon dioxide, or in an exhausted iron vessel. The mass ia then 
washed with carbon disulphide, to remove any of the ordinary 
variety remaining. 

Other varietiea of phosphorus have been formed. The me- 
tallic form by heating the red variety, in a sealed tube, to 
630° C. (986° F.) when black, metai lie-looking, microscopic 
ni^dlee sublime into the cooler portions of the tube. The sp. 
gr, of this variety is 2.34, and it is less active than the red 
variety. 

White Phosphorus is a form described by Kemaen and 
Keillor na a snow-white, plastic mass, easily oxidized, formed 
by carefully distilling phosphorus in au atmosphere of hydrogen, 
arid pnoBtng the vapor into a receiver containing ice water. 
Otlicr forms of white phosphorus and black phosphorus 
have bein describeii, but little ia known of them. 

Chemical Properties. — The moat characteristic property 
iif iilioNpliiinis if iia ready oxidation. If the ordinary or the 
white viiii.'ly hv lifHi.d to 60=C. (HO°F.) in contact with air, it 
t«ki« II I'll mill liiinis«iih a brilliant flame, and evolves avolunii- 
»<iu!> «liiti> I'luuil 1. 1 phosphoric pentoxide. It may be burned 
midrr wiirni «iiti'r, l\v throwing a jet of oxygen upon it. 

U HiuM \»' ki'pt uiidi-r water to prevent its taking fire sponta- 

Hwitidy. Whwi IVa);nH'iit5, partly covered with water, are ei- 

IMWvd ii) l\\t> Air, whitu t\inii« are seen to arise from them, which 

VqnUtii iuiiuiii>, hvilHo peroxide, and possibly aramonium nitrite 

* l,Nt>,\ Thl» (uunio is the twuse of the odor usually det» 
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ivben pboepliorus is espo»ed to the air. The red varietr tloM not 
^'«zidize in the air, and msT b« haiiilled with impuuitv. Phiis- 

tirus unites readily with flaorine, chlorine, bromine and iodine, 
ming, in each ca^e, two compounds of the general formula 
PR, and PRi, eicept in the case of iodine, which forms PI; and 
PI^ An osTchloride of phosphorus ( POCl) is aleo known. It 
GOmbinea with moet other elements except carbon, oitroMn and 
hydrogen. It reduces some metallic salts, as copper and silver, 
to the metallic state. 

222. Tests.^Its phosphorescence in the dark, either as 
found, or aAer eeparating it with carbon disulphide and evapo- 
ration of the latter liquid. It imparls a greeu color to the 
hydrf^n flame, when this gas is conducted through a solution 
coutaining it before being humed- 

223. Physiological Action. — Owingtotheready inflamma- 
bility of the ordinary variety, deep burns are liable to occur from 
careless handling, which are mor« serious and difficult to heal 
than burns from other combustibles. When taken internally, 
phosphorus is a very poisonous substance. Cases of poisoning 
front " ratsbane " or " rat poison " containing it, arn not infre- 
quent. 

The symptoms of acute poisoning are a garlicky odor and 
taste in the mouth, heat and burning in the stomach, vomiting of 
a dark-colored matter, which is phosphorescent, when shaken, in 
the dark. Weak pulse, low temperature, cold extremities, dilated 
pupils, and a clear mind are usually seen. Death in from 2 to 
12 days. Average about 3 to 4 days. 

These symptoms may make their appearance in an hour after 
the poison is taken, or after H or 4 days. 

Poisonous doae varies. Gr. Js to | has been fatal. 

Antidotes. There is no chemical antidote. Emetics, or the 
Btomach pump are the best early treatment; then, mucilaginous 
drinks, with lime or magnesia, or oil of turpentine. The old oil 
IB beat ; but no other oils should be given, as they dissolve the 
phosphorus and favor absorption. Recovery is rare. 

Chronic poisoning of workmen in match factories frequently 
occurs ; the symptoms are fatigue, pains in stomach and bowels, 
with diarrhoea, carious teeth, swollen and inflamed gums, and 
finally necrosis of the jaws, usually the lower. Fatty degenera- 
tion of the liver, kidneys, heart and other muscles, and de- 
struction of the red corpuscles, are also noticed. 

These evils are now remedied by using red phosphorus iu 
making matches, as it is not poisonous. 
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224. Phosphorus and Hydrogen — Phosphorettei 
Hydrogen. Phosphine. — There are three hydrides of phos- 
phorus known, which are all formed, together by boilJDg 
phosphorus with strong potash or soda lye, or with milk of lime. 
They appear as a gaseous mixture, which takes fire apontaDeoualy 
on coming to the air. When the beak of the retort in which it 
Ib prepar^ dips under water, a precaution always to be taken, 
each bubble ignites on coming to the surface, producing beauti- 
ful white rings of PiOj. This inflammable gaa, coraposed mostly 
of PHj, is found, on examination, to contain also a liquid coni- 
ttotind, (P,Hi), which is highly inflammable on exposure to airj 
"white the gas (PH,) is not. This yellow volatile liquid, on 
Btunding in sunlight, deposits a yellow solid (P.H;). 

Phosphine (Piljl is colorless, sparingly soluble in water, 
and has a strong alliaceous odor. 

The impure gas is formed during the putrefactive decomposition 
of organic substances containing phosphorus, especially under 
water, and takes fire spontaneously on rising to the surface, pro- 
tlutting the ignis fatuus or " Will o' the wisp " sometimes seen' 
iu marshy places. The gas is very poisonous, even in small quanti- 
ties. The blood after deaths caused by it, is found to be dark 
ouloml, with a violet tinge, and has lost the power of absorbing 
oxygt^n. it poisons, therefore, by its reducing action on the 
blou«l. Its density is 17, and its sp. gr. 1.134. 

Phosphine reserables the corresponding compound of nitrogen, 

i'(Mi,).in *'iue rwpects. It unites directly with HBr and HI, Ui 

iflirm phesphonium bromide, (PH,Br), and iodide, fPH,I), 

«(trr««|>oniliiig with the ammonium compounds, NH.Br and NHJ. 

aa.V Phosphorus and the Halogens.— Phosphorus forms 

,tw ooini*^' »»'!'' w''h chlorine. Phosphorus trichloride, 

X i* » ivlorloss fuming liquid, boiling at ZO^C. (165.2°F.) 

,.lU. and prepared by direct union of the elementa. It " 

„,., ..hhI iw a reagf^Dt in organic chemistry. 

l^Mii^horus Pcntachloride, (PC1)5, is a yellowish-white^ 

■■■i|»d, fuming in the air, and subliming without fueioa! 

l'tt'par<Hl by treating PCI, with excess of chlorii 

rwm^nt in organic chemistry. 

ua Oxychloride, (POCI,), is formed by the acti< 

luaiitiiy of water on the pentachloride. It is 

1 wilh a pungent odor, and a sp. gr. of 1.7. Boils 

l^aSW'fc'.i Phosphorus unites directly with bro- 

tt Uilxrouiido »ud pentabromide, and with iodine, 

IsMlliiw Motul «unpo\inds, PI, and PJ., and with 
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3 to form PF, and PF5. These latter compounds, aa well J 
lis those of phospliorua with sulphur, of which there are a 
koowii, arc of no interet^t to the medical HtudeDt. 

226. Phosphorus and Oxygen.— The following oxides and 
acids are known ; — 1 
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Phosphoric Oxide 



The sodium salt of two other unimportant acids, the hcxa- 
basic and dodecabasic acids, are also known. 

Phosphorous Oxide, or Phosphorus Trioxide, a whits 

powder formed by the wlow oxidation of phosphorus in dry air, 

IS unimportant in medical chemistry. It forma no corresponding 

acid. 

. 227. Phosphoric Oxide— Phosphorus PcntoxidefPaOsl, 

I ia formed by the rapid burning of phosphorus in oxygen or air, 

' and rises as a voluminous white cloud. It has a powerful 

affinity for water, producing a hissing noise when dropped into it, 

and forming a solution of nietaphosphoHc acid (HPOii'). 

228. Common Phosphoric Acid.^This is the most im- 
portant of these acids. Keadily prepared by boiling phosphorus 
in diluted nitric acid, and evaporating the solution to a syrupr 
consistency; or, by decomposing phosphates with sulphuric acid. 
By spontaneous evaporation over sulphuric acid under a bell jar, 
hard, transparent, delirjuescent, prismatic crystals are obtained. 
Acidum Phosphoricum (U. 9. P.) is a colorless, non-fuming, 
Htrongly acid liquid, of sp. gr. 1.347. It should be free from 
arsenic, which is often present in the commercial acid. 

Acidum Phosphoricum Ditutum (U. S. P.) is prepared 
by adding four parts of distilled water to one part of the strong 
acid, has a ap. gr. of 1.0.57 and contains 10 per cent, of H,PO,. 
This acid forma a aeries of well known sal^ called phosphates, 
1 of which the sodium, ammonium and calcium salts are the most 
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iiMpiirintit. The »cid being tribasic, it b capable of forming 
Huiil, <loublo atiil triple phosphates, of which the followiog are 

example! : — 

Dl-hydrtc-eodium Phosphate.- H.NaPO^. 

Hydro-caloium PhoBphate HC»PO(. ^^ 

PotaaBluni Phosphate _ K,PO,, ^^M 

Calcium Phosphate Ca,(PO.},. ^^M 

AmmoiHo-tnagoesium Phoepbate NH,MePOi. 
Potaseio-barium-Phosphate KB»Pd,. 

220. Pyrophosphoric and Metaphosphoric Acids, 
(Htl\U( and iil'U,). — When onlinttry phosphoric acid is healed 
to a tempernture of about '213° C. (415°F,), two molecules loae 
QUO moloculo of wnt«r, and then unite toformadoubljcoodensed 
tjioluoulo, which is called pyrophosphoric acid. 
2H,P04 = H,P,0, + H,0. 

If thin new neid in heated to a temperature approaching red- 
new, the Hn-(^1led glacial or metaphosphoric acid is formed 
M a white, Kln^^y' transparent, odorless solid, having a sour taste, 
aDd the formulu HI'O,. H.PA = SHPOs + H,0. 

Thid ttoid eorrc8|)Oud8 in com position to nitric acid (HNO,). It 
n UBunlly prepared by heating ammonium phosphate to a red 
lioat. It is deliquescent in the air, aud very soluble iu water. 
It hai been used as u delicate test for albumin, and has the ad- 
vontaifo of being easily handled iu the solid state. 

Mcta- nud Pyrophosphoric Acids and their salts, when 
taken intornnlly, are said to have a decided inhibitory action 
upon the motor ganglia of the heart, and may even cause its cessa- 
tion and dcnth. Pyrophosphoric has a more decided action 
than the meta- acid. 

2:{IK Hypophosphorous Acid (H,PO;).— When ordinary 
ph<lHpllllru^< in lioiled with a solution of sodium, potassium, barium, 
or calcium hy<lrate, phosphorus hydride escapes, and there is 
formed in solution a hypophoaphite of the metal present. From 
the bariuni salt the acid may be prepared by treatment with enough 
dilute sulphuric acid to precipitate the barium as sulphate. The 
filtered solution is then to be concentrated under the air pump, 
aa heat decomposes it The acid, thus prepared, is a colorless, 
Bvrupy, strongly acid liquid ; it is unstable in the air, gradually 
ocianging into phoapborous and phosphoric acid. The acid is of 
little importance, but several of its salts are used i >■ ■ 
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s strong reda«ing aetisB on mmbj tWlKe nlM, awl tto3 
he remembered in |i«wcriht«g Aem. Hexcunc dUofide n n- 
duced to metallic mercuiy bj tLe mItaJiae tanK^ibosphites, 
aad ferric to ferrous salts. 

Hrpophaapliioroas, as well ■■ phMfhoivBB mad, n iw i ■fi«i m ita mill 
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■ B In^Bd Id it bj aa o^gra iliaa. thaa — 
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These acids illustrate the definition of an aeid, given in Part 
I, viz., that in all acids, except the binary acids, basic hydrt^a 
must be tied to the kernel element by a linking third atom, usu- 
ally oxj^en or sulphur; and any hydrogen not so united is not 
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PCU + SH,0 =^ PO.H, 4- 3HC1. 
The HCl is evaporated, and the remaining solution is concen- 
trated over sulphuric acid. It is a colorless, syrupy, highly acid 
and unstable liquid, and under the air-pump may be made to 
crystallize. It is easily decomposed by heat. It acts as a strong 
reducing agent by taking up oxygen, and forming phosphoric acid. 
It forms a aeries of unimportant salts, called phosphites. 

ARSENIC. 



232, Occurrence. — Arsenic occurs native and in the form 
of arsenides, the sulphides, orpiment and realgar, and aa arsenical 
pyrites or mispickel- Besides occurring in these minemla In oon- 
riderable quantities, it is contained in small quantities in a great 
nnmber of other minerals and even organic aubsl.ances. The 
Balphides, and even the element was known to the aucieuta. 
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■J;t3, Preparation. — Usually obtained in the form of the 
usiilf by oHK'iiHUg iuis[>(ukel, and condeosing the whit« vola- 
tiUiHHl AhvOh ; lliis oxide is then etroogly heated with charcnal 
hi iiblitiu chit tilfuieut. which distills over. Although this is the 
iiibthud luoat ueud, it luay be obtained from other minerals con- 
uiuiii)i it. 

yH4. Properties. — A brittle, steel-gray, crystalline solid, 
jHMMWiiiij; It iiivtallio lustre, and a sp. gr. of 5.75. It also exists 
lU ail Hiiiorphi'us, lustreless, black mass, easily pulverized, and 
liHviug u M|i, ifr. of 4.71. When heated out of contact with air, 
Mltdcr urdlimry |vi»8urt<s, it sublimes at 180°C. (356°F.) without 

iiraviotia flinlou : but uiitler strong pressure it fuses. Its vapor 
tHN K Vttlhiw wlor ttiul a density of 150 ; its molecular weight is, 
bliuit'luiv, UtHJ, uiul it:^ luolecular furuiula As^. In dry air it is 

ituriiiHilfUt i but whi;ii heated, it burns with a bluish Same, emit- 
lu|| the kiivIh' odi>r. n»d white fumes of arsenious trioside 
{AkjOJ. It wmbiuw directly with many of the elements, both 
lltttlulHc mid iKUi-iiietallic, as chlonue, bromine, iodine, copper, 
IfUll, flo., yWdiii^ a ran II idee — the metallic arsenides resembling 
ttllnya, ll wuihiHiHi rfudily with nascent hydrogen, which 
tuhiw it ft'iim miy of its oompouodi^ Nitric and sulphuric acids 
Hi't) ilMHiiiipoavd (<y it, without forming salts. It is osidized by 
tviiliiiu •xliilii'its of (uuistic potash, while a portion of it is given 
ull' u.liyilvid«, 

Araviit(i i« unwl ill pyrotechuy, in the manufacture of fly 
|uiliiiil (uiidor lh» unuio of cobalt), in shot, and in certain pjg- 
liil^iiU. 

8Jtfi, Amenic Wnd Hydrogen.— Two arsenides of hydrogen 
ltr» kiiKwii, A>ll,, H f;w, iind Att.H, a solid. 

Hydrosen Araonide, Arseniuretted Hydrogen, or 
Arefliti, Axil, -la of ^real practical interest to the toxicologist. 
It* It xiiLoiH lutii Houifl of the most delicate tests for the detection 
iiC tliu oloiiiinit. It iimv be prepared by a number of reactions, 
|.|i>' iiioNt iiiirtiiiioii of which are the following: — 

Ut. Ily dccimiponing the metallic arsenides with hydrochloric 
nuld. 

liil. Ily tliii action of hot caustic potash solutions, with metallic 
hIiii'. IIiidii roiliicililo arst'iiical compounds. 

<li|, Ity lliii uction of nascent hydrogen upon arsenical com- 
i>'>iiiii|<, niiiiilnr to the lust mentioned. 

I, Ity tliu reducing action of moist organic matter upon 
lUiidiD of iiraenic. 





I 



I 
I 



It is a ciilorless gae, with a strong garlic odor, combustible i 
air, burning with a bluish -while flame, and eniiting white fumes 
of AsgOs ; a cold surface pressed down upon this flame receives a 
black stain of arsenic. When passed through a tube heated to a 
dull-red heat, it is decomposed into hydrogen and arsenic, mbich 
last deposits in the cooler part of the tube as a metallic mirror. 
(See Marsh's Test.") 

The gas is readily decomposed by oxidizing agents and the 
alkaline hydrates. It is exceedingly poisonous. The solid 
Arsenide of Hydrogen is of little interest. 

236. Arsenic and the Halogen Elements. — Arsenic 
forms one compound with each of this group of eleaiecls, with 
the general formula AsR,, in which K stands for a halogen 

The tri-flnoride and the tri-chloride are liquids, the first 
boUing at 63°C. (145.4=^.), and the second at 1;14°C. (273°F.). 
They are formed when a fluoride or chloride is heated with the 
trioxide and sulphuric acid. 

The tri-iodide and tri-bromide of arsenic are obtaioetl by direct 
union of the elements. They are both solids. The tri-iodide ia 
used in medicine. Both these compounds are decomposed by 
contact with a smalt quantity of water ; the iodide, however, 
dissolves in a large quantity' of water. It enters into the com- 
position of Donovan a solution, as Liquor arsenii et hydrar- 
gyri iodidi (U. S. P.), which is composed of one part each of 
mercuric iodide and arsenic tri-iodide dissolved in 100 parts of 

237. Arsenic and Sulphur. — There are at least three 
well known compounds of arsenic and sulphur, As^Sj, AsjSj, 
AaS,. 

Arsenic Tri-sulphide (AsjSa) oeeura native, as orpiment, 
in the form of gold-yellow crystalline masses. It may be pre- 
pared by precipitating arsenious acid or its sails, with hydric 
sulphide, or by heating sulphur and arsenious oxide (As,Oj). It 
is lemon-yellow in color, soluble in ammonium hydrate and the 
alkaline hydrates, and in yellow ammonium sulphide, but in- 
aoluble in water and acids. 

Arsenic Pentasulphide (AsjSs) ia also a bright yellow 
powder of no special iuterest. 

Arsenic Disulphide (As8,) occurs native as realgar in the 
form of ruby red crystalline masses of sp. gr. 3.5. Realgar and 
orpiment are used as pigments. 
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238. Oxides and Acids of Arsenic. — Arsenic forma two 
oxides, with corresponding acids : — ^_ 

As,0, H.AbO, ^I 

Arsenious Oxide, or Anhydride. Arsenlous Acid. ^H 

Arsenic Ozide, or Anhydride. Arsenic Aoid. ^1 

Arsenious Oxide (As^O,) is the most important of the com- 
pouuda of arsenic. It occurs in nature aa araeuie " bloom," It 
is obtained artificially aa a side product in roasting orea of other 
metals containing arsenic, when it volatilizes, and ia condensed 
in large chambers as a white powder. It is purified by rraubli- 
mation in iron retorta, and is obtained in the form of a white 
powder or glassy-looking solid, of a sp. gr. of 3.69. 

239. Properties. — Aa ordinarily met with it (white arsenic) 
is a white, somewhat gritty powder, which, under the microscope, 
ia seen to be made up of more or less regular octahedral crystals. 
When the vapor is rapidly cooled, the crystals take the form of 
rhombic prisms, and it ia, therefore, dimorphous. When 
heated, it sublimea without fusing, at about 213°C. (424°F.) 
When heated in sealed tubea, it melts into a vitreous mass. The 
density of the vapor is 198, corresponding to the formula AstOs, 
which is probably the formula of the vitreous variety, while that 
of the octahedral variety ia AsjOj. It is soluble, with difficulty, 
in water, forming a sweetish, metallic, and nauseous-taating, poi- 
sonous solution of arsenious acid (q. v.) It is also soluble, with 
decomposition, in hydrochloric acid and alkaline solutions, play- 
ing the basic rfile in the former, and the acid rdle in the latter. 
Nascent hydrogen reduces the oxide, and converts the arsenic 
into arsine (AsHj), while oxidizing agents convert it into arsenic 
acid. 

Antidote. — Freshly prepared ferric or magnesium hydrate, 
or a solution of dialyzed iron. 

240. Arsenious Acid, (HaAsOj), is formed by dissolving 
ArjOj in water. A solution of the acid in dilute hydrochloric 
acid ia officinal under the name of liquor acidi arseniosi 
(U. S. P.), containing 1 per cent, of Aa,Oi. It forms a seriea 
of satta called araenites. Potassium arsenite is officinal as 
Fowler's aolution, or Liq. Potass. Arsenitis. 

Scheele's green is an arsenite of copper, used as a pigment. 
Paris green is a mixture of acetate and arsenite of copper. 

241. Arsenic Oxide, (As-^Os), is a white, amorphous, deli- 
quescent solid, dissolving in water to produce arsenic acid. 

A«iOi -(-3HiO = 2HgA30,. 
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Areeuic acid ia usually prepared by warming araeniouB acid 
with nitric acid, when the As,0:, ie oxidized at the espeDse of the 
nitric acid.. Ou evaporating, the solution yields needle-shaped 
crystals of HjAsOj. The aqueous solution is strongly acid. On 
heating the crystals of arsenic acid, both the pyro-arsenic and 
meta-araenic acids are produced, corresponding to the similar 
acids of phosphorus. But one salt of this acid is officinal, the 
Liquor Sod^e Arseniatis. 

242. Arsenic Poisoning— Toxicology.— From the earlieat 
history of arsenic, it has been used as a poison for criminal 
purposes. 

While every physician should not undertake the analysis in 
cases of suspected poisoning by this agent, a knowledge of the 
outlines of the chemist's methods of analysis, etc., will teach the 
physician to prepare the way for the analyst. Moreover, a few 
preliminary tests by the physician may frequently save much 
unnecessary litigation and expense in some suspected cases. 
Other reasons might be given why every physician should have 
some knowledge of tosicological science, that caro may be taken 
to punish the guilty and protect the innocent. The attending 
ph^ician is responsible for the connection of the links of evi- 
dence. Ali compounds of arsenic are poisonous, and the poison 
usually enters the system by the mouth, although it has been 
absorbed by the skin, mucous membrane, or abraded surfaces, 
in sufficient quantities to produce poisonous results, especially 
chronic poisoning. 

Colored wall paper, colored toys, confectionery, and certain 
aniline dyes used in fabrics, may give rise to accidental poisoning. 

243. The Physician's duty in cases of Poisoning may 
be briefly stated as follows : In ease foul play is suspected, do 
not fail to make careful notes, at the time, as to dates, symptoms 
and circumstances, or facts leading to such suspicion. 

The physician should collect and preserve the urine, fieces, 
vomit, and the suspected vehicle of the poison, and place them 
nnder seal, or lock and key. He should test some one or all of 
these, to satisfy himself as to the truth or falsity of his suspicion. 
Aa little publicity as possible shouid be given to matters of 
fiict or opinion at the time. Be not too ready to express your 
opinion upon the origin of the poison in cases of this kind, lest 
von jeopardize the reputation of your patient or others. 
Whether a fatal termination is expected or not, it is wise to take 
these precautions. 

In case of fatal termination, notify the prosecuting officer or 



4 




. ' -^ 



r" _■ 



>' 



.•■ 



...L.\. 



■ . T % > ' 



•Ti. ... - 



f-r- . . .1 



...LA..- 



* •*•.-* 



I- 









■■■■»■ ■ 0^ AiB >*■>■ ^t*aa ■■■■» ■■-K*>«***^A •* • •« ^A • a ^**' ■ 

• '■■■ '■■.* B r' I ■ ■ «^i« ■■ «•■'« Tl* ■■»■ «*- 04* ( '■ m ^^ m " • ^ A 

■^•',^1 ':'r» -: .■ - " ...r' ..r* *...-•■* "|£."-''-" '.".-"»" -~ '..i*."-:L H ill: ".1 — ," 

;n* . .* .f- rr" .'...-•■ ^ .r-'x i;, i ■..-::;:. i::.i ■:■ --=-1 vr.i :,- \- 



V rv. 



->*' 



... -* « 



■ I ■■■ i«l ■•^4 aba «- ■ . B . » b 

V- '.►•• ^-r: T :... ..' '►•r,-: *.. .. . .r-'* ;..:-r .: - ^t- -:;::*■>-.-•: - i 

V -'-:-:•.■ .. ..♦• ■ ■-• = •' •■ . :.'• ".'•'.-f:-::r.n^ rfir-r i* i* 'i--;* 
'."■■,». --J .-. /■ ii' I. '.»■.': .. :.M r r.-,»-s«r« *»• ::. .ri:i-*r ■.»- ■/.»- i-i:.:.-!. 

■.'..•.^ ■./ ■ ■.«! . ■. .'■•': •^:-.n-- .* : ^^ .:.v-n-f-: -7 ;--r?-?--;/-. "*'. - 
■'K ,'. ^/^ -"'r'- ,■,»' :».') !«' ''■ -.v.i*.. /"i'tl r'..-^- 1.'. .:.'.!;.'• :,.r-':.".»^:l v ..".- 

*i - <, ' y -. I /■ - - ■ ■ ■ ■■ ^ :( '•' a * I ■ i""^ * •* ■ / *■ ■■ ."■ P' -• •-7 -J " . ' "■- •-•■:.. ■ 

'■•'til'* ,. ■ •»..**' •'»■•'• '■•■^p • •• i m •...^«~ ••' .■■^•a •».. ». 

',r...*..'',r.,.',.;* -/.■-■5t^ / -t ..'-■-. r.rvji. ;..■.--■.■.-• * v.*. r.-Z-iT-. t;-.!: jl -fr-;-- 

f-ru^,tif,fi, y.f(...y.r ff, \r.'r;f ',) ^^ar-'tt. f'-.v^ r. lrr\r.^r\ .r. •'>: the Tti,rr.a.«.r. 

hy niirriKn'-'', or \\itin\it'/^ of t^l^ to'-,^ ari'l firij.^f-.r-, ar^J rnarkf:*! 
''i»'*r'l*'r.«', *ir*'. of r/>rrirrtori ftc.f.Mrrf.uc/i. 



ARSENIC. 155 

245. Treatment. — Remove any unabsorbed poison from the 
stomach by emetics or the stomach pump. 

The best antidote is freshly precipitated ferric hydrate, pre- 
pared by adding aqua ammonise, in slight excess, to a solution of 
ferric sulphate or ferric chloride. The solution of dialyzed iron, 
now found in the shops, may be used instead of the above, and 
may be given in teaspoonful doses at short intervals. This forms 
an insoluble compound with the arsenious acid, and thus pre- 
vents further absorption. 

The symptoms caused by the absorbed poison are to be treated 
as they arise. 

246. Tests. — There have been devised a large number of 
tests for the detection and identification of arsenic. Some of 
these are easy of application, while others will be used only by 
the chemist. We can only give the outline of these tests, and 
leave the student to consult special works for minutiae. The 
analysis, after death, in cases of suspected poisoning, should not 
be undertaken by the physician, nor even by a chemist, unless 
he has a well equipped laboratory in which he can conduct the 
analysis, from beginning to end, alone, and without interruption. 
During the life of the patient, the physician should be able to 
test the urine, faeces, or suspected articles of diet, medicines, etc., 
for the presence or absence of arsenic. For this purpose he may 
use Reinsch's or Marsh's test, but it must be understood that 
neither of these tests alone, when performed as about to be de- 
scribed, is to be relied upon as positively certain. 

Reinsch's test may be conducted as follows : — 
To a portion of the urine or other suspected liquid add about 
one-sixth its volume of pure hydrochloric acid and some strips 
of pure copper foil, and boil the solution. If arsenic be present, 
a steel-gray or bluish deposit will be formed on the surface of 
the copper. This deposit is not positive proof, however, as anti- 
mony, bismuth and mercury may give similar deposits; it is, 
therefore, necessary to apply tests to this deposit, in order to 
determine its identity. For this purpose the copper is removed, 
washed in water, dried between folds of filter paper, and placed 
in a clean, dry, wide test tube, and heated to a dull red heat, 
taking care to heat only that portion of the tube where the 
copper is. The tube may then be broken and the inner side of 
the fragments examined with a microscope, for octahedral 
crystals of arsenious oxide. The copper and the acid used must 
be shown to give no stain on prolonged boiling with distilled 
water. This blank experiment must always be performed. 
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Marsh's teat may be eonilucted a^ follows : — Although the 
indications afforded by it are not conclusive in the pres- 
ence of organic matters, it should always be used to confirm 
Eeinsch'a test. Into a flask holding about 150 c.c. (fg v), 
introduce some pieces of zinc, freo from arsenic and antimony; 
then pour over these some water acidulated with sulphuric 
acid ; close the flask with a cork containing a flinuel tube, 
and a delivery tube drawn to a flne point and containing a 
pledget of cotton in the end at the cork, arranged as in Fig. 
35. After allowing the generation of hydrogen to go on for a 
coneiderabie time, to expel the air from the upper part of the 
flask, say half an hour, light the gas at the open end of the de- 
livery tube, and press a cold porcelain surface down upon the 
flame. If the nmterialB used are free from arsenic and antiraouy, 
there will he no black stain produced on the porcelain, 
Fio. 35. 




Having determined that the apparatus and materials are free 
from impurities, put out the flame and pour the suspected fluid 
through the funnel tube, so as to admit little or no air with it 
into the flask. Now ignite the gas again, and test the flame 
again with the cold porcelain surface. A brilliant black or brown 
stain, soluble in a solution of sodium hypochlorite, is proba- 
bly arsenic. Moisten one of these spots with nitric acid, wnen it 
should disappear ; evaporate the acid over a lamp, moisten the 
spot with water, and hold the dish over a vessel containing sul- 

Ehuretted hydrogen, prepared by the action of sulphuric or 
ydrochloric acid upon sodium or potassium sulphide. Ifthe stain 
was due to arsenic the spot will turn lemon-yellow. The anti- 
"v mirror is insoluble in sodium hypochlorite (Labarraque'sw 
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solution) &o6 after treatment ns above gives an orange etain. 

Now BoftoD the glass, bend delivery tnbe downward and let it 

. dip into a solution of AgNOj ; after an hour pour some NH.OH 

upon tbe surface of AgHO, solutioD. Yellow precipitate at line of 

Beparatiun ^ arsenic. If tbe subetance to be tested is a solid, a 

small portion of it may be thrown upon a glowing charcoal, when 

' arsenic, if present, will give an odor resembling garlic. These 

' tests urill be sufficient to enable the physician to decide upon the 

' presence of arsenic during the life of the patient, and guide him 

in his treatment and behavior. 

247. Toxicological Analysis. — The chemist who undertakes 
the analysis in cases of supposed poisoning has no easy task. He 
must not confine his tests to any one poison. Poisons are gener- 
ally divided into two groups, inorganic and organic. The 
limits of this work will not allow us to describe the details 
of procedure for the chemist, who will consult special works on 
toxicology. 

In searching for minerai poisons, the organic matters must first 
be destroyed or separated by dialysis. For the latter process 
see Part I, Art. 72. 

For the destruction of organic matter, two methods may be 
used. The solid matter — the stomach, and other organs — are to 
be cut in fine pieces and placed in a new porcelain dish, mixed 
with hydrochloric acid, and heated over a water-bath. Small ■ 
quantities of pure potaseium chlorate are put in from time to time 
and stirred, until the organic matter is destroyed. Or, sulphuric 
and nitric acids are used to thoroughly char the organic matter, 
and the whole diluted with water and filtered. The metals, except 
lead and barium, pass into the filtrate, and can be detected by 
either of the methods given above or by other methods. These 
BolutioDS may be treated with hydrosulphuric acid gas from 24 to 
48 hours, when copper, lead, bismuth and mercury give black or 
brown precipitates ; cadmium, sometimes tin, arsenic give a yellow, 
and antimony an orange precipitate. In searching for arsenic, tbe 
yellow precipitate obtained, is separated from the liquid by filtra- 
tion. Aportionofthisia to bepreservedin asealed glass tube. The 
remainder is oxidized with nitric acid, fiised with sodium carbonate 
and nitrate, and the sodium arseniate thus formed may be made 
to yield silver and copper arseniates; the former a reddish-brown, 
and the latter a green precipitate. Other portions are converted 
into the octahedral crystals of trioxide, the metallic state, etc., 
the object being to present the poison in court in as many difierent 
States as possible, so as to avoid the possibility of doubt in the 
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minda of the jury. If the yellow sulphide, soluble in ammonia, 
the blaek metal [ao called), the octahedral crystals, the mirrors 
with the above mentioned properties, the coated copper obtained 
by Reinsch's teat, the black deposit from silver nitrate in Marsh's 
teat, with arseoiate in the filtrate, the araenite and arseniates of 
silver, and arsenite of copper, etc., etc., are obtained, with proper 
precautions, there is no room for doubt that the substance is 
really arsenic. 

For farther directions on this subject, the student is referred 
to Taylor on poisons, or Woodman and Tidy on Forensic Medi- 
cine and Toxicology, or some other similar work. 

ANTIMONY. 

Stibium, Sb = 122, Sp. gr. 6.71. Melting point 450°C. (842°F.) 

248. Occurrence and Preparation. ^Antimony occurs 
native ; but the principal source is the trisulphide, SbjSi, called 
stibnite. It occurs in a number of other ores as sulphide, or oside. 

The element is easily obtained by roasting the sulphide, and 
then fusing the oxide thus obtained, with charcoal. 

249. Properties. — Antimony is a bluish-white, brittle, crys- 
talline solid, iaomorphous with arsenic and red phosphorus, and 
resembling zinc in color and lustre. Tarnishes with difficulty, 
but takes fire at a red heat. It unites readily with chlorine, 
forming two chlorides, SbClj and SbClj, both of which are de- 
composed by excess of water. In physical properties it resembles 
metals, and forms alloys. In chemical properties it plays both 
the positive and hegative rolea with facility. It ia used aa a con- 
stituent of type metal. Babbitt's anti-friction metal, Britannia, 
etc., to give hardness, and to cause them to expand and com- 
pletely fill the moulds in cooling. 

250. Hydrogen Antimonide, Stibine, A ntimoniu retted 
hydrogen (SbH,).- — A colorless, odorless gas, formed in the 
same conditions as the corresponding compound of arsenic ; i. e., 
by nascent hydrogen on reducible antimony compounds. It 
difiers from that compound in being much less poisonous, and 
giving a different reaction with solutions of silver nitrate, as 
shown in the following reactions : — 

""" ' "a 

By carefully floating a eolution of ammonium hydrate over the 
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first solution, after passing the gas through it for some time, a 
yellow precipitate of arsenite of silver will be formed at the line 
of separation of the two liquids, while, in the case of antimony, 
no such precipitate will be formed. This gas is formed in Marsh's 
apparatus, and it is likely to be confounded with arsenic unless 
very great pains be taken to avoid it. 

The mirrors obtained on the porcelain or in the delivery tube, 
require a higher temperature to volatilize them in the case of 
antimony ; they are diflScultly soluble in hypochlorite solution, 
are sooty and less brilliant in appearance, there is no garlic odor, 
and by oxidation they do not form crystals. 

251. Chlorides, Bromides and Iodides. — Two chlorides 
and two oxychlorides exist. 

Antimony Chloride, or A. Trichloride — A. Protochlo- 
ride — Butter of Antimony (SbCl.,), may be obtained' by 
dissolving the trisulphide in hydrochloric acid. At low tempera- 
tures it is a crystalline solid, and melts at 73.2° C. (164° F.) to 
a yellow, oily liquid. A solution of sp. gr. 1.47 is sometimes used 
as an escharotic. On the addition of considerable water, this 
chloride is decQmposed into the oxychloride (SbOCl), formerly 
called po\vder of algaroth. SbCU is poisonous, acting both 
locally and as a true poison. 

Antimony Pentachloride (SbCls) is a fuming, colorless 
liquid, of little interest to the medical student. The iodides, 
bromides and fluorides, are similar to the trichloride in com- 
position. The iodide has been used in medicine. 

252. Sulphides of Antimony. — Two sulphides are known 
and several oxysulphides. Antimony Trisulphide — Sul- 
phuret of Antimony — Black Antimony^-Antimonii Sul- 
phidum (U. S. P.), SbaSa, occurs native as a steel-gray, crystal- 
line solid. Artificially, it may be prepared by precipitating a 
soluble antimony salt with hydrogen sulphide as an orange- 
colored powder. When the native ore is roasted in air it is 
partially decomposed, and fuses into a vitreous, somewhat trans- 
parent mass, known as glass of antimony, or crocus. 

Antimonii Sulphuretum (U. S. P.) is a reddish-brown 
powder prepared by dissolving the native sulphide in a solution 
of sodium hydrate, and re-precipitating the hot solution with sul- 
phuric acid. It contains a little antimonious oxide (SbaOa), and 
IS used mostly in pill form. Dose gr. ij to xx. Plummer's Pills, 
Pil. antimonii comp. contain this sulphide with calomel. 

By treating a hot solution of the trisulphide with sodium hypo- 
sulphite, a fine red precipitate of oxysulphide is obtained, which 
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is used as a pigment, under the name of antimony vermilion, 
Kermcs' mineral is another osysulphide. 

Antimonium Sulphide (Sbr^j) ia best obtained by decom- 
posing sulphautimoDiates with & dilute acid. It is an orange-red or 
brown powder, readily soluble in alkalies and alkaline sulphide?, 
forming antimoniates with the general formula M/SbO,, in which 
M stands for a metallic atom. SulphantimoniateB of silver, lead, 
and iron, occur as minerals. 

253. Oxides and Acids of Antimony. — ^Three oxides are 
known. ^h 

Antimony trioxide 3b, 0„ antimonions acid HSbOj. ^H 

tetroxlde.... SbjOi, orSbO.SbO,. ^| 

Antimony Trioxide (SbjOO is obtained by roasting the metal 
in air, or by treating it with HNO3 and evaporating excess of 
acid. It is dimorphous and crystallizes in the same forms as 
AsjO,, and is thereibre isomorphous with it. It is a white powder 
capable of being sublimed. 

Antimonious Acid or Hydrate (HSbOj) is obtained by 
adding a solution of sodium carbonate to a solution of SbClg, aa a 
white precipitate. 

3 SbClj + 3 Na,CO, + HjO = 2 SbO,H + A NaCl + 3 CO,. 
By boiling, this hydrate is changed into the trioxide. It re- 
acts with both acids and alkalies to form salts. Thus, we have 
NaSbO,, 6bO(NO,) and Sb(NOi,),. We also have antimony 
sulphate (SbjiSO.!,— and antimonyl sulphate {SbO),(SOJ 
— the former by dissolving the oxide in strong, and the latter 
in dilute sulphuric acid. Both are decomposed by excess of water. 

Antimonic Acid (HShO,,) — is obtained, by treating antimony 
with warm concentrated HNOj, as a white powder, insoluble in 
water and nitric acid, 

Pyro- antimonic Acid (H.BbvOO — is also known, and may 
'be obtained by treating its salts with hydrochloric acid. 

By gently heating either of the above acids, antimony pen- 
toxide IS obtaiued as a yellow, amorphous mass, and by a stronger 
beat, with free access of air, it is converted into the tetroxide — 
Sb,0, — ^which is usually regarded as an antimoniate of antimonyl 
(SbO ShOa). It is a white, uoD-volatile powder, becoming yellow 
when heated. 

264. Potassium Antimonyl Tartrate. — Tartar Emetic 
— Antimonii et Potassii Tartras (Ki5bOC.HA.H,0) is 
one of the most commonly employed compounds of aniiniony. 



ANTIMONY. 161 

Prepared by boiling 3 parts of SbgOa with 4 parts of cream of 
tartar (KH C4H4O6) in water, for an hour, filtering, evaporating 
the filtrate and allowing it to crystallize out. It occurs in small, 
transparent, rhombic crystals, which effloresce in air, and have a 
sweetish, afterward disagreeable, metallic taste and acid reaction. 
Soluble in 17 parts of water at 15°C. (59°F.), and 3 parts boiling 
water ; insoluble in alcohol. Its solutions are incompatible with 
alcohol, hydrochloric acid, and alkaline carbonates. Tartaric 
acid prevents the precipitates caused by the above reagents. On 
being heated to redness it chars. 

It is used in medicine, and enters into the composition of Syr. 
scillse compositus, Vinum antimonii and Unguent, anti- 
monii. The dose of tartar emetic is gr. j-ij (.065-.125 grms.), 
as an emetic; as an expectorant, gr. 1^ to gr. } (.OO-l-.OlG 
grms.); of the wine, 10 to 30 drops. 

255. Physiological Action. — Locally, the soluble com- 
pounds of antimony act as powerful irritants. Tartar emetic 
causes a pustular eruption resembling variola, which is accompa- 
nied with fever and systemic results. Cases of poisoning from 
antimony used in dyeing clothing have been reported. Inter- 
nally, tartar emetic is employed as an expectorant, sudorific, 
sedative, nauseant and emetic, according to the dose used. In 
full doses it causes vomiting, purging, griping pains, with great 
depression. In excessive quantity it acts as an irritant poison, 
and has produced death by syncope, preceded by convulsions 
and delirium. One and a half grains (.092 grms.) have produced 
death, but recovery has occurred after very large doses, because 
of the rejection of the poison by vomiting. 

The treatment should consist in promoting free vomiting, or 
removal of the poison with the stomach pump. The proper an- 
tidote is tannic acid, which forms an insoluble compound with 
antimony ; it may be administered in the form of infusion of 
tea, oak bark, nutgalls, etc., which contain it. Stimulants are 
then to be administered. 

In suspected cases, examine the urine or viscera by Marsh's 
test (Art. 246). Soluble salts of antimony give an orange-colored 
precipitate with H2S, in acid solutions, which is soluble in 
yellow ammonium sulphide, and in strong hydrochloric acid 
(HCl). In Reinsch's test, a bluish stain is obtained, but the 
sublimate obtained from it is amorphous, not crystalline. (See 
Art. 246.) 

H* 
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BISMUTH. 

Bl = BIO, 

256. Occurrence and Preparation. — Occurs native and 
as Bulphiiie — bismulhinite. The element is obtained by roasting 
the sulphide in air, and reducing the resulting oxide with 
charcoal, 

257. Properties. — Bismuth is a white, metallic-looking 
Bolid, with a bronze tint 6p. gr. 9.9. Brittle, and cryBtallizes 
in rliombohedrona ; fuses at 267°C. t.'!)12.5''F.), volatilizes at a 
white heat, and if heated in air it burns to Bi.,0.,. HNO, and 
hot HiSOi dissolve it, but HCl does not. Water precipitates 
basic salts from the solntiona of the neutral salts. It alloys with 
the metals, and is sometimes described as a metal. 

258. Bismuth Chloride (BiCJa) may be obtained by treating 
the element with chlorine or aqua regia. It is a soft, white, 
deliquescent, volatile solid. Water added to its solutions pre' 
cipitates the white oxychloridc. 

BiCI, I- H,0 = BiOC14-2HC!. 
This reaction resembles that of SbCI,. EiOCl, as well as the' 
eubnitrste, is sold as pearl powder, or pearl white, and used as 
a cosmetic. They blacken by HjS. The compounds BiBfj and 
Bil, are similar to BiClg. Bismuth dues not form a hydride 
(BiH,), as do the rest of the group. 

259. Oxygen Compounds. — Bismuth oxide (BijOj) is a, 
yellow powder, insoluble in water and alkalies; it may be pre- 
pared by roasting bismuth, or heating the nitrate or carbonate. 
When chlorine is passed through a solution of potassium hydrate, 
in which Bi.Oa is suspended, bismuthic acid (BiO,H or H,Bi,0,) 
is precipitated as a red powder. On gently heating this the 

fentoxide, or bismuthic oxide (Bi^Oj), is formed. Bismuth 
ydrate (BiO,Hi,) is not known, but a metahydrate (BiO^H) is 
precipitated when caustic soda or potassa is added to a 
bismuth solution, or to the nitrate suspended in water. This 
oxide is the one iirst precipitated in testing for sugar in 
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260. Bismuth Nitrate (Bi(NO,),) is formed by dissolving 
bismuth or the basic nitrate in nitric acid and evaporating, 
when it crystallizes in large transparent tables ( Bi(N0;,)n5H,0j. 
It is soluble in a little water, but is decomposed by a largej 
amount into a Ixiaio or subuitrate. 
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a— NO3 Tl'— NO3 

-NO3 + 2H2O = R -OH + 2HNO3, or 
—NO 3 ^^— OH 

-NO3 + H2O = RI-NO3 ■+ HNO„ or 
^— NO3 ^^— OH^ 

JP(N03)3 +H,0 - Ji-0N03 + 2HNO3. 

Bismuthi Subnitras. (U. S. P., Br. P.) — The subnitrate of 
bismuth is not a definite and fixed compound, but a mixture. It 
is a white powder, insoluble in water, but soluble in nitric acid. 
As arsenic and bismuth frequently occur together, the latter is 
apt to be contaminated by the former. Should unpleasant 
effects arise from its use, it should be tested with one of the tests 
described under arsenic {g, v,) It is used internally, and as a 
dressing for wounds. 

261. Bismuth Carbonate — Bismuthi Subcarbonas 

(U. S. P.)— Bismuthi Carbonas (B.P.)— Jj}— CO3, is a light, 

white, odorless and tasteless powder, insoluble in water, and 
formed by the action of alkaline carbonates upon solutions of 
bismuth. Heated, it is changed into BiaOa and carbon dioxide. 
Bismuth Sulphate (Bia(S04)3) is formed by dissolving bis- 
muth in sulphuric acid. It is of no special interest to physicians. 

262. Bismuth Citrate (BiCsHsOT) is a white, amorphous 
powder, odorless and tasteless, insoluble in water or alcohol, but 
soluble in ammonium hydrate. Prepared by boiling BiONOs in a 
solution of citric acid, and precipitating the citrate with water. 
By dissolving the citrate in dilute ammonia water, and cautiously 
evaporating to a syrup, and spreading on glass, shining, pearly, 
or translucent scales of Bismuth et Ammonii Citras are ob- 
tained, soluble in water. A solution of 2 pts. BiONOs, and 4 pts. 
KNaC4H406, in a strong solution of sodium hydrate is used as a 
delicate test for diabetic sugar. It becomes black from reduction 
of bismuth. 

263. Physiological Action. — The bismuth salts in medi- 
cinal doses are tonic, antispasmodic, mildly astringent and anti- 
fermentative. They are used to allay gastro-intestinal irritation 
and diarrhoea. When administered in considerable quantities 
they form black stools, from the presence of the sulphide formed 
by the H.2S of the intestines. In many cases of excessive diarrhoea, 
with acid fermentation in the stomach and intestines, this black- 
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m- Hwi \t».'«ttr, and its appearance marks an improvement 

'"v.'a*»*''*'.V"''*""«K ^7 large doses of the salte of bismuth are 

F u*»u»«'Hitv, it iKrt ctlways, due to the presence of arsenic in them. 

i ' ■Jlj'*. 'vest*. — Water precipitates, in the absence of free miii- 

I ktW 1*^'^'' ^ cuusiderable quantities. Hydrogen and ammonium 

[ gailyhiJw jjiie « black precipitate, insoluble in water.dilute acids 

I uitJaliiwl'iieeuIphkles. Potassium.Sodium and Ammonium 

l^dKteS give a white precipitate, insoluble in excess of the 

viMgieut^ Infusion of nutgalls gives an orange precipitate. 

pQiasaium Iodide gives & brown precipitate, soluble ' 

of rwa}ifut._ A piece of paper dipped in a solution of potassium 

solphocvauiite and dried, forma a yellow spot when a drop of 

solutitiu containing bismuth is dropped on it. 

BORON. 

ittS, Occurrence and Preparation, — An unimportant 
element, never occurring native, but as borates and boric acid. 
Borates of calcium, magnesium and sodium (borax) occur native ; 
the last, the most important, is found in India and California. 
The dement may be prepared in two ailotropic states ; the first, 
by fhsing its oxide with sodium or potassium, as a greenish-brown 
powder ; the second, by fusing the oxide, chloride, or fluoride 
Tvilh aluminium, ns a crystalline transparent solid, varying in 
color from colorless to a garnet red. Boron combines directly 
with nitrogen at elevated temperatures. 

260. Boric Anhydride and Acids. — B^O, is a transparent, 
gluH-like niBss, obtained by heating boric acid to redness. It is 
iiM-d in blowpipe analysis. 

Boric ur Boracic Acid (HjBOj) — exists native in la^ons, in 
tlie vioinitv of volcanoes in Tuscany. By evaporation and 
tiry«tallixatiou the acid is obtained. Borate of sodium or 
borax oouurs in CAlifurnia and India, and from it the pure acid 
in prepared by precipitating it with HCI from a hot solution. 
Tho fti'id Mi-parattw iu white, shining scales ; it is soluble in 25 
iiartB of !l,0 at 14° C. (57.2° F.l, and in 3 parts of boiling 
U/>, Thy siiUilion ha« a faint acid reaction. Turmeric paper 
nuiiBtinifil with the oohition assumes a reddish-brown color on 
drying. Tht> iicitl i» soluble in ti iiarls of alcohol, and is also 
Hulullh III ({lyruriiic, to the flame of both of which it imparts a 
Olndliul K''*'*^" *'"!"'' i ^1''^ '""^ the uctiuu on turmeric pujier are 
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When boiled with glycerine, an ether is formed, known as 
boroglyceride, which is soluble in water, has a neutral re- 
action, is tasteless, and is used as a preservative for foods. Its 
use, as well as that .of boric acid, is attended, in considerable 
doses, with an increased excretion of urea with irritation of 
the kidneys, and should be used with some caution. Owing 
to its antiseptic action, it is used in surgical dressings. 

When heated, H3BO3 loses one molecule of water at 100° C. 
(212° F.), and forms metaboric acid (HBOa) ; on further heat- 
ing it forms tetraboric acid (H2B4O7), and at a higher tem- 
perature boric anhydride is formed. 

SILICIUM— SILICON. 

Si = 28. 

267. Occurrence. — In native rocks, either as silicic oxide 
(SiOa), quartz, amethyst, carnelian, etc., or combined with vari- 
ous metallic oxides as silicates. Clay is principally a silicate 
of aluminium colored with iron and vegetable matter. This, 
next to oxygen, is the most abundant of the elements. Neither 
the element nor its compounds are of much interest to the medical 
student. 

The element never occurs native, and may be prepared in 
three allotropic states : amorphous silicon, graphitic sili- 
con, and crystallized silicon, somewhat resembling the three 
states of carbon. 

268. Compounds. — Silicic Hydride (SiH*) is obtained as 
a colorless, spontaneously inflammable gas, by the electrolysis of 
a solution of common salt, using for the positive electrode an 
aluminium containing silicon. Silicic chloride (SiCU) is a color- 
less, volatile liquid possessing an irritating odor. The bromide, 
SiBr*, and fluoride, SiFU, are also known. This latter is de- 
composed by water, forming hydro-fluo-silicic acid, HzFgSi. 

269. Silicic Oxide, or Anhydride (Si02),is the only known 
oxide of this element, and exists in a pure state in quartz crystal. 
Artificially, it may be prepared by adding hydrochloric acid to 
a concentrated solution of soluble or water glass, filtering, wash- 
ing and heating the residue, to expel the water. Artificially 
prepared it is a fine, white, tasteless powder, fusible with great 
difficulty, and not sensibly soluble in water or acids, with the 
exception of hydrofluoric acid. Its sp. gr. is 2.66. When fused 
with potassium or sodium carbonates or hydrates, it forms a silicate 
of these metals, or glass ; when these alkalies are in excess, the 
glass is soluble in water, the degree of solubility increasing with 
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the proportion of alkaline ealt used. This compound ia known 
aa soluble or water glass. 

270. Silicic Acid and Silicates. — The normal silicic acid has 
the formula H,SjO,, and is only kuotru in solution in water. It 
may be prepared by adding hydrochloric acid to a very dilute 
solution of an alkaline silicate, but it is unstable. The acid is 
very i>rone to liberate a portion of its water and form acida of 
the condensed types; i.e., two or more molecules unite and lib- 
erate one or more molecules of water. The native silicates are 
very complex in structure, and are usually formed on this con- 
densed plan. 

271. Glass. — Common glass is a mixture of several silicates, 
in which there is an excess of silica, the principal ones used being 
sodium, calcium and lead silicates. By the addition of small 
quantities of metallic oxides, various colors are imparled te the 
glass, as desired; thus, cobalt gives a blue, manganese an amethyst, 
copper a ruby or bluish-green, chmmiuru a greenish-yellow, ferric 
oxide a brownwh-yellow or black, ferrous oxide the ordinary 
bottle-green, etc. 

CARBON. 
c = ii 

272. Occurrence. ^Carbon occurs native in the diamond, 
graphite (black lead), and the various forms of coal. In com- 
bination it occurs in all the organic bodies, petroleum, fats, oils, 
and in native carbonates (marble, dolomite, etc.). 

273. Varieties. — Carbon exists in three allotropic states, the 
diamond, the graphite, and amorphous carbon. The diamond 
occurs in alluvial deposits tn Brazil, India, Borneo, South Africa, 
and in small quantities in other localities. The so-called Caltfornia 
diamonds and Brazilian pebbles are crystals of quartz (8iO,). 
The diamond is pure crystalline carbon, possessing a brilliant 
lustre and a high power of refraction, and is the hardest substance 
known. It crystallizes in rhorabohedra of the first Bystem, but 
cleaves readily into octahedra. It occura colorless, as well aa 
colored through all shades of yellow, brown and black. The 
sp, gr. is 3.5. Heated in the oxyhydrogen blowpipe flame, o 
oxygen gas, it burns to carbon dioxide, and is slightly s 
by the heat of the electric arc. 

Graphite, or Plumbago, occurs as a native mineral, having 
a grayish-black color, a lustre almost metallic, and a soapy feel, 
and leaves a black streak upon a white surface, on account of 
which it ia used to make lead pencils, and is called black lead. 
It sometimes occurs in short, six-sided prisms. It bui 
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atmosphere of oxygen with more difficulty than the diamond, 
furnishing carbon dioxide, and leaving from 2 to 5 per cent, of 
ash. Some of the purer varieties can be made directly into pen- 
cils, but this is not common. The poorer varieties are ground to 
a powder, heated with potassium chlorate (KCIO3) and sulphuric 
acid (H2SO4), or with strong nitric acid washed with water, 
heated to red heat, and then mixed with some adhesive material 
and pressed into cakes. These cakes are then sawed into suitable 
strips and mounted. 

Graphite conducts heat and electricity well. It is also used in 
the manufacture of crucibles, as a lubricant for very heavy ma- 
chinery, and as a stove polish. It may be obtained artificially 
by fusing amorphous carbon with cast-iron ; on cooling the mix- 
ture and dissolving the iron in dilute acid (HCl), the graphite is 
left in the form of minute hexagonal plates. Amorphous 
carbon is found native in the form of coals of many varieties. 
Artificially, it is prepared by the partial burning, or carbonizing, 
of organic matter, such as wood, pitch, blood, etc. 

Soot, or Lfampblack, one of the purest forms of amorphous 
carbon, is prepared by the imperfect combustion of turpentine, 
pitch, or heavy oils, rich in carbon. It is used principally as a 
pigment. A.niiiial charcoal or bone black is obtained by 
the carbonization of animal matter from slaughter houses (blood, 
bones, etc.), and possesses in a remarkable degree the power of 
removing the coloring matter or putridity from organic solutions 
filtered through it. It is used in the refining of sugar to remove 
the color from the solution of raw sugar. Caroo animalis 
purificatus is prepared by treating the above with dilute HCl, 
to remove the calcium phosphate. Charcoal, carbo ligni 
(U. S. P.), is carbonized wood, retaining, usually, the form and 
grain of the wood and the ash contained in the same. In pre- 
paring it, the wood, cut into suitable lengths, is piled up on end 
into a conical heap, a trough made of boards being laid from 
the circumference ^n one side to the centre, to supply air. The 
whole heap is then covered, first with straw or leaves, and finally 
with dirt about six or eight inches in thickness, except a hole at 
the centre on the top. The fire is lighted and is allowed to 
burn slowly, until the flame almost ceases to come from the hole 
at the top, or until the gaseous products have all burned off. 
This opening at the top, as well as the draught holes, is now 
covered over and the fire allowed to smoulder for a time, when 
the heap is torn down and the remaining fire extinguished with 
water. 
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( used as a fuel, in the manufacture of gunpowder, and 
n the coDstruction of filters, as it possesses, in a feebler 
degree than animal charcoal, the power of destroying noxious 
odors, and filtering coloring matters from organic solutions. 
1 volume of it absorbs 90 volumes of NH,, 55 volumes of H^ 
and 9 volumes of oxygen at 100° C. (212° F.). It is very porous, 
and burns with little fiame. Coke is the porous mass left in 
the retorts from the destructive distillation of mineral coal in the 
production of illuminating coal gas. Gas retort carbon is a 
compact, hard mass fouud adhering to the inside of the retorts 
in the above process of manufacturing coal gas. It has a metallic 
lustre at times, and ia a good conductor of electricity, and is used 
fur the negative plate in the construction of many forma of the 
galvanic battery. 

Mineral coats (anthracite, bituminous, brown and canuel coals, 
lignite, peat, or turf, etc.), are the results of a slow decay, under 
certain conditions, of vegetable matter. The proper conditions 
for its formation seem to be, enough water to cover the felien 
timber or vegetation, and then a covering of clay or mud, to ex- 
clude the air and apply pressure to the mass. The liquid and 
volatile portions are gradually lost, leaving the carbon behind. 
The final product of this change, assisted by subterranean heat, 
is anthracite coal, which often contains 96 to 98 per cent, of 
carbon, and almost no volatile products. Petroleum oil is be- 
lieved to be the expelled liquid portions of the wood, separated 
from the anthracite coal by heat and pressure. Bituminous 
coal is a softer, less compact, less decayed variety. It oft«n con- 
tains the structure of the wood. It burns with a smoky flame, 
while the anthracite furnishes very little or no flame. Brown 
coal, lignite, and wood coal, are names of less perfect varie- 
ties than those before mentioned. Peat, or turf, is a mixture 
of mud with partially decayed plants and roots, obtained from 
certain marshy districts. It is used as fuel, Cannel coal is 
a compact, even-textured coal, without lustre, and takes fire 
readily, burning with a clear, yellow flame. It has been used 
as candles — hence the name. 

274. Properties. — Carbon is insoluble in all ordinary raen- 
stma, but soluble to a slight extent in molten cast-iron, forming 
a carbide. It is fused and volatilized only in the voltaic arc. 
At ordinary temperatures it is permanent in air and all chemical 
reagents. At high temperatures it has a strong affinity for 
oxygen, and on this account it is used as a reducing agent in 

elting the ores, from which it removes the oxygen. Indi- 
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rectly, it enters into combination with a great ratiny of the ele- j 
ments. In comhination with hydrogen, nitrogen and oxygen, it ' 
fi>rDis a large share of organic bodies. Most combustible bodies I 
contain carbon. 

275. Coal Gas. — Illuminating gas, as it is often called, 
made on a large scale by the dry or destructive distillation of" 
bituminous coal. In principle, the manufacture is simple ; but 
ID practice, it requires considerable skill to prepare a good illu- 
minating gas. During the distillation, which is conducted in 
horizontal, semi-cylindrical, fire-clay or cast-iron retorts set in 
brickwork, a variety of products are produced besides the gas, 
Buch aa tar, heavy oils, lighter oils, steam, ammonia from the 
nitrogen of the coal, etc. There is left in the retort a porous, 
friable mass, called coke. After the retorts have been used for 
tome weeks, there is to be found lining their inner surfaces a 
'■very compact layer of carbon, usually known as gas retort 
^-carbon, and used in making the negative plates in some forms 
;«f electric batteries, and the poles of electric lights. In many 
jof ila properties it resembles graphite. 

The coal is distilled at a bright red heat, and the volatilized 
products are conducted into a large, horizontal, iron pipe, half 
filled with water, into which the pipes from the retorts dip. This 
is called the hydraulic main. A large part of the coal tar- 
and heavy oils condense in this main. The volatile products are 
then made to traverse a series of upright tubes, in the form of 
an inverted U, called condensers. The lower end of one limb of 
each condenser dips under water, so as to cool the gas, and to 
disBolve the ammonia in it. After traversing a number of these 
condensers, where the remainder of the tar, steam and ammonia 
liquor are condensed, the gas passes to the purifiers, which are 
composed of a series of large boxes, in which are several perfo- 
rated shelves, or trays, holding fresh slaked lime, or a mixture of 
sawdust and iron oxide. The gas is passed slowly through these 
purifiers, so as to expose it t« the action of the lime or iron 
oxide, to remove H^, COj and other volatile acids, if present. 
In some plants there is an additional procesa of washing the gas 
by passing it through weak sulphuric acid, to remove the small 
quantity of ammonia still remaining. The tar and ammonia 
liquor are sold as by-products, and the latter furnishes a very 
considerable portion of the ammonium compounds of the market. 
After passing through the purifiers, tlie gas is conducted in 
underground pipes to the gasometer, to be stored until needed. 

The gasometer is a very large, tub-shaped veasel, made of 
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boiler-iron floated bottom upward upon water, and balanced by 

weights attached to chaina passing over pulleys at the top of iron 
pillars, which are erected around the gasometer for that purpose. 
As the gas is forced into the gasometer, the latter rises out of 
the water, and siuks again as the gas is used. 

Various other processes for the manufacture of gas have 
been used with varying Huccess; such as, the distillation of the 
heavy petroleum oils, either alone, with coal, or with admixture 
of the vapors with air or steam. 

Gasoline, or air gas, is air saturated with the vapors of the 
very volatile oils from petroleum. 

Water Gas is very largely used in all large cities, owing to 
cheapness of manufacture. It is made by the action of steam 
upon coal heated to a red or white heat. The gas thus produced, 
is, in some works, mixed with vapor from naphtha, and then again 
strongly heated in retorts, and finally purified, as in ordinary 
coal gas. 

Composition. — The composition of coa! gas varies somewhat 
with the composition of the coal used, and the temperature of 
the retorts during the distillation. 

The following figures represent the composition of coal gaa and 
water gas supplied to Brooklyn in 1883 : — 

Cuul Ou. Water Ou. 

Carbon dioxide 0.0 0.8 

Carbon Tnoiioxide 7.9 28.26 ^^ 

Hvdrogoti 50.2 30.3 _^H 

IllumintiDtB (C.Hf, C,H„ etc.) 4.3 12.86 ^H 

MarshgU3(CH^) 2ii.9 21.46 ^H 

. Nitrogen T.8 6.86 ^^| 

100.00 lon.oo 

276. Carbon and Oxygen.— There are fouroxides of carbon 
known, having the tbrmulse C„03. C.O3, CO and CO-. The first 
of these compounds is a light brown powder, formed by heating 
the suboxide (CW). 

Carbon Suboxide is an amorphous extractive matter formed 
by the action of an electric current upon carbon oxide. 

Carbon Monoxide (CO-) is a colorless, tasteless, almost 
odorless, combustible, poisonous gas. 

It is always produced when carbon or bodies containing it are 
burned with an insufficient supply of oxygen or air, or by conduct- 
ing carbon dioxide over or through red hot coals, CO, + C = 2C0. 
It may be prepared by warming oxalic acid with sulphuric acid. 
HjCjO, + H,SO, = H^SOi (orH.O, H^SOJ + COj + CO. 
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The mixed CO2 and CO are passed through a solution of sodium 
hydrate to absorb the CO2, and the CO remains. One part of 
potassium ferrocyanide warmed with nine parts of H2SO4 may be 
used to give the gas in nearly a pure state. Its density is 14. It 
is almost insoluble in water, but soluble in a solution of cuprous 
chloride in ammonium hydrate. It burns in the air with a bluish- 
lavender flame, producing the higher oxide — CO^. Owing to 
this property, it plays an important part in the reduction of ores 
in the blast furnace. It does not support combustion or respiration. 
It diffuses readily through red hot cast-iron, and frequently escapes 
from stoves and hot air furnaces. 

277. Physiological Effects.— It has the power of combining 
with the haemoglobin of the blood and expelling the oxygen. It 
thus acts as a narcotic poison, causing dizziness, headache, nausea, 
incoordination of movements, convulsions, and death. If the 
carbon monoxide be in sufficient quantity to saturate all the 
hsemoglobin, recovery is seldom, if ever, realized. The blood has 
alight red color, and does not coagulate or decompose as readily as 
normal blood. If the haemoglobin is only partially saturated, 
recovery may take place, but very slowly — debility, anorexia, 
etc., remaining for days. Air containing 0.5 per cent, kills birds 
in three minutes ; 2 per cent, rendered a guinea pig insensible in 
two minutes. Artificial respiration is of little use. Transfusion 
of blood is the most promising treatment. The sources of danger 
are open fires, defective draught in chimneys, escape of coal gas, 
and especially " water gas," from defective fittings or from leaks 
under the ground. When the ground is frozen and the gas 
escapes into the soil, near a cellar, the gas diffuses through the 
ground into the cellar, and, as it is thus deprived of its odor, 
persons may be poisoned and not know where it comes from. 
Coal gas poisoning is essentially a poisoning by the carbon mon- 
oxide which it contains. Suffocation by coal gas is not very 
different from suffocation by other gases. 

278. Carbon Dioxide— Carbonic Anhydride (CO2), 
sometimes called carbonic acid gas, is found free in the air in 
the proportion of about 4 parts per 10,000 ; and in ordinary 
well ventilated rooms from 5 to 6 parts per 10,000. It is found 
in volcanic gases, and in solution in many mineral springs. It 
sometimes accumulates in mines, wells and cellars, in dangerous 
quantities, and is then known as " choke damp." It may be de- 
tected in such places by lowering a candle. (See below.) It is 
produced when carbon or its compounds are burned with a free 
supply of air, by alcoholic and other fermentations, by the respi- 
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ration uf animals, and hj slow oxidation of organic matter in. 
the natural process otiiev&j. In the laboratory it is obtained b^ 
the action ot an acid upon a carbonate. 

CuCO, + 2HC1 = CO, + CaCl, + H,0. 

Carbon dioxide at ordinary temperaturea nnd pressures is 
colorless, transparent, odorless, tasteless, tby some sweetish), gas. 
8p. gr. = 1.624. Density = 22. Under a pressure of 36 at- 
mospheres at 0°C.{32°F.), it is condensed to a colorless, mobile 
liquid, of ap. gr, 0.94. Above 32.5°C. it cannot be liquefied at any 
pressure. This is known as the critical point in temperature. 
When the liquid is exposed to the air it rapidly evaporates, pro- 
ducing a temperaturo so low as to freeze a portion of it to a snow- 
like solid ; the temperature being sometimes as low as — ISCC. 
(— 202''F.). The gas extinguishes the combuation of burning 
bodies, and animals die very quickly in it. Death has resulted 
from persons entering mines, wella and fermenting vats, where the 
gas had accumulated. It is unsafe for a man to venture into a well 
or other place where a candle will not burn, COjia soluble in its 
own volume of water, at the ordinary temperature and pressure, 
forming a solution of carbonic acid (HjCOs). Common soda 
water is a solution of the gas in water nuder pressure ; it con- 
tains no sodium salt, as its name would imply. 

279. Physiological Effects.— These vary with the degree 
of concentration of the gas and its dilution with other gosea. If 
the gas be pure, it causes death instantly, by apncea from apasm 
of the glottis. When somewhat diluted, there is, at first, great 
loss of muscular power ; the patient becomes livid, sinks down 
and dies without a struggle. When still more dilute, there is, at 
first, irritation of the throat, then giddiness, ringing in the ears, 
loss of muscular power, with rapid pulse and respiration, and 
occasionally vomiting and convulsions, finally ending in coma 
and death. 

The amount of the gas that can be tolerated in the air depends 
not only upon the quantity of it actually present, but also upon 
the source of it. Thus, when the source of the gas is animal 
respiration or combustion, the oxygen is withdrawn from the air 
at the same time, and a much smaller quantity will prove fatal 
than where the gas is simply added to the normal atmosphere. 

If the CO, is simply added to the air, 10 per cent, may be re- 
garded'as poisonous, and even 8 per cent, will prove injurious. 
If, on the other hand, the oxygen be increased, an air containing 
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even 20 per cent, may be breathed. A taper will burn in an air 
containing 6 per cent, of CO,, provided the oxygen be present in 
normal quantity, and will burn feebly in such an air containing 
10 per cent. Where the CO, is produced by combustion or respi- 
ration, the injurious effects are soon perceived, and are due to 
several causes; viz., the deficiency of oxygen, the presence of too 
great a quantity of CO, and moisture, the rise in temperature, 
and the action of the organic matter exhaled from the lungs and 
skin. 

The exposed air contains from 4 to 5 per cent., or about .78 
cubic feet of CO, per hour, and there is absorbed .94 cubic feet 
of oxygen. A. stearin candle gives off .5 cu. ft. of C0„ and 
uses up 1 cu. ft. of oxygen, A gas light burning 5 feet of gas 

gsr hour (12 candle power), gives off very nearly 6 eu. ft. of 
0„ or 3.7 times as much as one man ; as much heat as 2 men ; 
removes more oxygen than 5 men ; and gives off nearly as much 
watery vapor as 5 men. More than 6 parts of CO, per 10,000 
of air readers it oppressive, and should not be allowed. Assuming 
the amount of CO, given off in an hour by an adult to be .7 cu. 
ft,, and normal air to contain 4 parts, it would require about 
3500 cu. ft. of air per hour, in order that it should not receive 
more than two parts per 10,000 of CO,, or 2 cubic feet. Dr. 
Parkes fixes the amount necessary at 2000 cu. ft. per hour. It ia 
impossible to change the air of a room oft«ner than 3 or 4 times 
per hour without causing uncomfortable draughts ; and it would, 
therefore, require 700 to 1000 cu. ft. of room space, in order to 
keep the air of the room In a proper condition. If lights are 
used, which change the air, a corresponding calcitiation must be 
made for thera. A common oil lamp, or two sperm candles (not 
an argand lamp), will contaminate the air about the same as an 
adult man. The English Poor-Law Board'-s requirements for 
dormitories, to prevent over-crowding, are — 

1200 Lving-in cases and offensive sick. 
850 Sick. 

100 Infirm. Same room night and day. 
600 Infirm. Separate room in day. 
800 Healthy. 

These figures are, of course, too small for general use. Parkes 
quotes Morin as giving the following amount of fresh air neces- 
sary to be furnished to each adult per hour in the following cir- 
cumstances : — 
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111 iJmiing: apart meuts, the amount of space allowed to each 
iiiiliviiiiial ahould be Dot less than lOOO feet, i.e., a room 
10 X 10 X 10 ftil l>iti 88 the proportion of carbouic dioxide 
would auouniulate slowly, and aa a. much larger amount of the 
goa may be borne without serious discomfort, even one-half this 
capacity mRV be tolerated with little inconvenience beyond a 
fdt^jin^ of fatigue or sleepiness in the morning. Dr. Tidy 
rrfiaraa 400 cubic feet as the very HmaHest amount of space that 
should be allowed to each person in a sleeping room, to avoid 
wrioua overcrowding. The foulest air in an occupied room is at 
the ceiling. The heat of the body or a lamp causes an expansion 
of tbo air about them and an upward current of air, the heated COi, 
water vapor, etc. These gases reach the ceiling before they cool 
jiufficiently to stop this upward current, and before there is tiroe 
for [wrfect diffusion. The upper galleries in theatres are supplied 
with impure air from the mam floor and lower galleries, and from 
the gas lights. Fresh air should always be admitted to a room near 
the Hoor, and the outlet for Impure air should he at or near the 
coiling. Ilmust be remembered that the lawof diffusion of gases 
does n6t allow the CO, to accumulate in one part of the room and 
remaiu there for any considerable time, hut mixes them evenly. 

Nor is this diffusion confined within a room. It takes place 
ihniii^h porous walls between the indoor and outdoor air, 
(■•pemalty in winter, iwhen there is much difference in the 
temperature of the two. Indeed, a very fair amount of 
ventilation may be effected in this way, where the walls are of 
brick or stone, and not painted or papered inside. 

Carbonic dioxide esiste in the blood in solution, and does not 
ootabiiie with the corpuscles, the blood after death remaining 
dark-colured and liquid. Putrefaction after CO, poisoning is 
alow, while animal heat and rigidity are very persistent. 

280. Tests for Carbon Dioxide.— If the quantity ex- 
ceeds 12 per cent., a taper is extinguished. Moistened litmus 
paper ia first reddened, then bleached. Lime water or baryta 
water is rcmlcrt'd cloudy by it, from the precipitation of the 
carbonates nf cali-ium or barium. 

281, Carbonic Acid and Carbonates.— CO, is soluble in 
water, witli which it combines to form carbonic acid (H,COj). 

U,0 f COj --=H,CO.. 
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Carbonic acid is a feeble, dibasic acid, forming a double series 
of salts, the carbonates and acid or bi-carbonates. As 
mentioned above, " soda water " is a solution of carbonic acid in 
water, kept under pressure. When the pressure is removed, a 
large portion of the acid undergoes decomposition into the anhy- 
dride (CO2) and water. The same decomposition, with effer- 
vescence, takes place when we prepare the acid by treating a 
carbonate with a stronger acid. The carbonates of gold, arsenic, 
antimony and aluminum are unknown. The carbonates of the 
alkaline metals are soluble in water, and are not decomposed by 
heat ; while the carbonates of all the other metals are insoluble 
and decomposed by heat into the oxides of the metals. The bi- 
carbonates are formed by passing carbonic dioxide through the 
solution of the carbonates. They are converted into the carbon- 
ates by heat. The carbonates of ammonium are volatilized by 
heat. Water charged with carbonic acid dissolves the carbonates 
of some of the metals, as calcium, magnesium, iron, copper, lead, 
etc., which gives rise, in the case of the first two, to hard water. 
This hardness is deposited again on boiling the solution, or even 
on free exposure to the air, thus forming an important element 
in certain geological formations. 

282. Carbon and Sulphur — Carbon Bisulphide (CS2), 
is formed, like the dioxide, by the direct union of the elements. 
When the vapor of sulphur is passed over charcoal heated to 
redness, the two elements combine, producing vapors of carbon 
difiulphide, which condense into a very volatile, colorless, mobile 
liquid, possessing a peculiar, disagreeable odor; it refracts light 
strongly, and for this reason is used to fill hollow glass prisms for 
the spectroscope. It is combustible, burning with a blue flame, 
and has been suggested as a means of furnishing sulphurous oxide 
for fumigation, by burning a mixture of CS2 and alcohol in 
a lamp. 

The vapor mixed with air, forms an explosive mixture, and 
mixed with nitrous oxide, it burns with a very brilliant flame. It 
is insoluble in water, but is miscible with alcohol and ether. It is a 
ready solvent for sulphur, phosphorus, caoutchouc (India rubber), 
fatty oils and iodine, with the last of which it forms a violet-red 
solution. CS2 dissolves in a solution of the alkaline sulphides form- 
ing sulpho- carbonates, CS2 + K2S = K2CS3. CS2 may be re- 
garded as the anhydride of sulpho-carbonic acid, H2CS3, obtained 
by adding hydrochloric acid to a sulpho-carbonate. Carbon 
Monosulphide (CS) — a brown-red powder, and a sulphide hav- 
ing the formula C5S2, and an oxy-sulphide, COS, are also known. 
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200. Tests. — Ist. Silver nitrate precipitates the acid as silver 
cyuiiide — a white, curdy precipitate, iiisiiluhle in uitric acid. A 
rod moistened with AgNO^ and held io the vapur, is rendered 
milky. 2d. Add a solution of liquor potasssc, or poloEaium 
liydrate, then a solution of ferrous sulphate mixed with ferric 
sulphate, then a small quantity of sulphuric acid, when a hlue 
deposit of Prussian blue will appear. 3d. To a small portion of 
the suspected liquid, in a wide test tube or crucible, add dilute 
sulphuric or hydrochloric acid. Invert over this a watch glass, 
coovex side down, with one or two drops of yellow ammonium 
sulphide upon the under side of it. Warm the crucible gently, 
and after a few minutes remove the watch glass, warm, and 
evaporate the ammonium sulphide by blowing upon it. !Now 
touch the stain with a drop of ferric chloride, when a blood-red 
alnin will make its appearance, due to the formation of aulpho- 
cyanate of ammoniiini on the glaea, which, with the iron, strikes 
a red color. This is easy to perform, ia applicable to organic 
mixtures, and is quite delicate. 

291. Cyanic Acid (H-O-Cy). — Metallic cyanides readily 
take up oxygen, when fused with oxidixiii^ agents, such as po- 
tassium nitrate, or even the oxides of some of the metals, and form 
cyanates. The acid, HOCy, may be prepared by decomposing 
its salts with dilute acids, but it is unstable, and breaks up into 
carbon dioxide and ammonia. 

HOCN + H,0 = NHj + CO,. 

Of the cyanates, the ammonium cyanate is the most interesting, 

na its solution in water, on being heated, forms urea, a body 

isomeric with it, and a well known excretory substance found in 

urine. 

NH^CNO = CO(NH,)j, 

This is interesting as being the first animal substance prepared 
by synthesis. 

292. Sulphocyanates. — -The potassium salt is prepared by 
fusing potassium ferrocyanide and sulphur together, ami ex- 
hausting the fused mass with alcohol. On evaporating the alcohol, 
a white, crystalline salt is obtained, soluble in water, and having 
the formula KSCy. 

Ammonium Sulpho cyan ate (KH.SCjO is prepared by 
heating hydrocyanic acid with yellow ammonmra sulphide. 

The principal interest attached to these salts ia as tests for 
ferric iron salts, with which they give a blood-red solution. 

Jlercuric sulphocyauate, formed by precipitating mercucL 
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wtaEsium Bulphocyanate, is Jecomposeii by hent, the 
^^and leaving a, voluminous residue. It ia uaed 
ty, Pharaoh's Serpents. 
Bund Cyanides. — Cyanogen shows a remarkable 
)rapleK compounds. Among these more 
RiUipounda are two series of bodies in which cyanogen 
liirm the radical. Of these, the ferrocyanides and 
lides of potassium and iron will be mentioned here. 
lEsium Ferrocyanide — K,(FeCy5) — Yelloiv Prus- 
F Potash, is an important commercial product, manu-- 
on a large scale by fusing in a closed crucible 
nu9 animal matter (boros, hoofs, leather scraps, etc.), 
& potassium carbonate and iron filings, treating the fused mass 
h water, and crystalliaiug. The salt is thus obtained in large, 
ow, tabular crystals. It is used in dyeing, in preparing certain 
pigments, and as a source of all the other cyanogen compouuds. 
By simple fusion, potassium cyanide (KCy) is prepared, 
KiFoCr„ = 4KCy + FeC, + Nj. 

Prom ft solution of the salt, various other ferrocyanides are 
prepared by precipitation. Of these, Prussian Blue (ferric 
ferrocyanide), prepared by adding to a solution of potassium 
ferrocyanide a solution of some ferric salt, is used as a pigment 
and as a medicine. With a ferrous salt the precipitate' is 
white, but c^uickly becomes blue by oxidation. This test serves 
to distinguish ferrous from ferric salts. With eupric salts we 
obtain a reddish-brown precipitate, Cu,FeCy8. 

Ferricyanides. — By passing chlorine throngb a solution of 
KjFeCyj, a compound is formed in which the iron of the radical 
is tetrad, and the radical itself becomes hesad. Ke (FejCy,vV. 
On evaporating, we obtain dark red crystals of potassium 
ferricyanide, or red prussiate of potash. With ferrous 
salts a solution of tbia salt gives a deep blue precipitate of ferrous 
ferricyanide — FeaFciCyi^ — rurnbuU's Blue. Ferric salts give 
no precipitate or coloration, and thus we distinguish ferric from 
ferrous ^ta. 



The further consideration of carbc 
sidered in part third. 



1 compounds will be con- 
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THE ALKALINE METALS. 

1. Lithium 7 4. Rubidium 85.5 " 

2. Sodium 23 5. OEesium 132.6 

3. Potaseium. 39 6. (Ammoolum).,. 

294. The metala of this group present great aimilarity in their 
chemical and physical propertiea. Exposed to the air, they all 
osidize readily. They (iecomposo water violently, with the forma- 
tiou of strong basic hydratea which diaaolve in the exceaa of water. 
The hydrates thus formed are called caustic alkalies (caustic 
potash, caustic soda); hence the name, alkaline metal. Nearly all 
of the salts of these metala are soluble, and most of them, when 
io solution, turn blue litmus red. They form but one ohloriij^ 
one iodide and one bromide. 

LITHIUM. 
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£95. Lithium occurs widely distributed in nature, but in small 
quantities. It is found in some mineral springs and in the ashes 
of many plants, chiefly that of tobacco and beet. It is usually 
obtained by separating it from its chloride by electrolysis. It is 
silver-white in color, and decomposes water at ordinary tempera- 
tures. It is the lightest of the solid elements, — sp. gr. 0.589, — and 
floats upon naphtha. It fuses at 180'C. (356°F.), and burns in 
air with an intense red light. Its salts closely resemble those of 
Bodium. 

Lithium Oxide (LijO) is a white solid, formed by burning 
lithium in dry oxygen. It slowly diasolvea in water, forming the 
hydrate, LiOH. 

Lithiutn Chloride (LiCl) crystallizea at ordinary tempera- 
tures, in regular, anhydrous octahedra ; below lO'C. (.WF.), 
however, with two molecules of water. It is very deliquescent. 

293. Lithium Bromide (LiBr) is obtained by decomposing 
lithium sulphate with potassium bromide ; or, by neutral ixing a 
solution of hydrobromic acid with lithium carbonate. It crys- 
tallizes in deliquescent needles. 

297. Lithium Carbonate— Lithium Carbonas (U. B.), 
(LijCOj), is obtained by fusing a native ailicntG called lepidolite, 
with barium sulphate and carbonate, and potassium sulphate. 
It is then extracted with water, and precipitated with sodium 
carbonate. It is a white, odorless powder, of a strongly alkaline 
taste, soluble in water to the extent of 12 parts i>er 100. It 
uiiitea readily with uric acid, forming a soluble lithium urate. It 
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18 said that 250 parts of litbium carbonate at a temperature 
of 38''C. (100.4°F.), will diaBoIve almost 1000 parts of uric 
acid. This property renders it of value in dimioiBhing the 
deposit of uric acid formed in gout, and in dissolving uric acid 
calculi. 

SODIUM— Natrium. 

298. Occurrence. — This metal occurs widely distributed, 
being found in sea-water and in rock salt as chloride, and in 
many native silicates. 

299. Preparation.— Like potassium, it is obtained by a pro- 
cess which depends upon the reduction of the carbonate by coal. 
The two substances are mixed in an iron retort, and heated to 



NbjCO, + 2C = 2Na + 3C0. 

300. Properties. — Sodium is a soft, silver-white metal, re- 
sembling potassium, but less easily oxidized. It becomes slowly 
coated with a brownish-yellow layer on exposure to the air, and 
should be kept under naphtha. It fuses at 95.6=C. (203.8='F.), 
and volatilizes at a white heat, the vapor burning with a bright 
yellow flame. Sp. gr. 2.078. It is characterized by its affinity 
for oxygen, decomposing water at ordinary temperatures, liberat- 
ing hydrogen, and forming sodium hydrate. 

301. Oxides.— Three are described— Na,0, Na,0, NaA- 
The first of these is a white powder, formed by the oxidation of 
the metal in dry air. It is very deliquescent, soon liquefying in 
air. The peroxide is a grayish-white mass, obtained by burning 
sodium in a current of oxygen. They all unite with water with 
great energy. 

302. Sodium Hydrate— Caustic Soda— Soda (U. S., 
Br.), (NaOH), is usually obtained by boiling a solution of so- 
dium carbonate with calcium hydrate. 

Na^COj + Ca (OH)^ = CaCO, -]- 2NaOH. 
The resulting solution, after Dltering, is evaporateil to dryness, 
dissolved in alcohol, again evaporated, fused in a silver vessel, 
and cast into sticks. This product is usually labeled caustic 
soda by alcohol. It is a white, opaque, brittle, crystalline 
mass, fusing below redness ; sp. gr. 2.00. It dissolves readily in 
water, the solution being known as soda lye in the arts, and in 
pharmacy, as liquor sodEe (sp. gr. of latter 1.071). This solu- 
tion attacks glass ; hence, the necks and stoppers of bottles con- 
taining it should be coated with paraffine. When exposed to the 




I 



i 



182 ISORGANIO CHEMISTRY. 

air, sodium hydrate atlracts water and carbonic dioxide, and is 
converted into the carbonate. 

303. Sodium Chloride— Common Salt— Sodii Chlori- 
dum {U. a., Br.), f NaCl), is found very abundant in nature. It is 
deposited in almost a!l parts of the globe in the solid form as 
rock salt; in solution, it is ibtind in all natural waters, and to the 
extent of 2,7 to 3.2 per cent, in sea water ; it also esiats in most 
animal and vegetable tissues. It is formed in a great number of 
chemical reactions. Its most important source is the deposits of 
rock salt, from which it is mined ; it is also obtained by the 
evaporation of sea or saline spring waters. It crystallizes from 
water in translucent cubes. Sp. gr. 2,078. It fuses at a red 
heat, and volatilizes at a white heat. Hot water dissolves but 
little more than cold; 100 parts of water at O^'C. (32=F.) dissolve 
36 parta of the salt; and at 100°C. (212'F.), 39 parts. A satu- 
rated solution, therefore, contains 26 per cent. 8{>dium chloride. 
From dilute solutions nearly pure ice is obtained by freezing. 
On account of a slight admixture of magnesium salts, most speci- 
mens of common salt will deliquesce; the perfectly pure salt, 
however, is not hycroscopic. 

304. Sodium Bromide (Na Br) is formed by the action of 
bromine upon a solution of sodium hydrate. It crystallizes in 
anhydrous cubes, and is soluble in 1.13 parts of water at 20°C. 
(eS^F.), and in 0,87 at lOO^C. (212^F.) It contains 77.67 per 
cent, of bromine. 

30>5. Sodium Iodide (Nal) also crystallizes in cubes without 
water ; and is soluble in 0.56 parts of water at 20°C. (CS^F.), and 
in 0.32 at 100°C. (212°F.) It contains 8-1.66 per cent, iodine. 

306. Sodium Sulphate — Neutral Sodium Sulphate — 
Glauber's Salt Sodii Sulphas (U. B.)— Sod^e Sulphas 
(Br.) — (NaiSO,), occurs native in deposits; also in solution in 
mineral waters. It is a by-product in the manufacture of sodium 
chloride from sea water and brine, and in several manufacturing 
industries. It is prepared by the decomposition of common salt 
with sulphuric acid. 

2NaCl + H,SO^ = Nb^SO, + 2HCI. 

Sodium sulphate crystallizes, at ordinary temperatures, with 
two proportions of water (7 aq. and 10 aq.) in large, colorless, 
monoclinic prisms, which effloresce in the air, losing all of their 
water. If heated to SS'C, (91.4°F.) it fuses in its own water of 
crystallization, and at higher temperatures becomes anhydrous. 

The foilowins curiouB action of the sointion of Glauber's salt may also 
be noticed; If the solution, saturated at 33°C. C91.4°F,), be cooled dowi 
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to the oHinnr; temperslure, and even far belo«, no separation of ciTBlala 
oc{;nrs, altliough the salt is very much more insoluble »l lower tenip«ratnr«4 
tbnnat ivC. (9l.4°F.). Thisform:itionoraBupersaturatadsolutioa 
is common to cain;3alt5, though not to so marheil a degre<' as in tbe ease 
of Gtanher's sail Tbis sapersaliiral«il solution may be agiiateJ. anJ 
Btill BO crystals form. But. if it be gently touched wilh a plufls rui! or 
some otiier aoltd body, tbe entire masi vill at oace become cryslallized. 

307. Hydro-Sodium Sulphate — Acid Sodium Sulphate 
— Sodium Bisulphate fNaHriO,), isobtaiaed by the actioaof 
suiphiiric acid upou aodium sulphate, or sodium chloride. 

NaCl + HjSO^ -= NaHSOi + HCI. ■ 

It crystallizes in long, four-sidad prisma. It fusej reaiil)^^ 
aud at higher temperatures loses water and is converted into the 
pyrosulphate Na-SjO^. Very soluble in water, giving an acid 
solution. 

308. Sodium Hyposulphite ^Sodium Thiosulphate 
(NajSiOjj, is prepared by boiling the sulphite with sulphur. 

Na,80j +a=^Na;s,0,. 

It forms large raonoelinie prisms, which or)ntain 5 molecules of 
water, and is slightly deliquescent in the air. It Is used u; a 
reducing aj^ent, decoloring an iodine solution with the fortnittion 
of sulphuric acid aud sodium iodide. 

30!(. Sodium Carbonate — Soda — Neutral Carbonate of 
Soda — Sal Soda^W^ ashing Soda— Sodii Carbonas ( U.H.) 
— Sod£e Carbonas (Br.), (NajCOj), is the moat important of 
the sodium compounds, for industrial purpcees. It occurs abund- 
antly in nature, in the so-called sodium seas (in Egypt, and the 
Caspian Sea), and is contained in the ashes of many sea plants, 
chiefly the aJgse. The principal supply is sodium chloride, from 
which it is manufactured according to a method devised by 
Leblanc, in 1808. By this method the sodium chloride ia first 
converted into sulpbate by warming with sulphuric acid. The 
sulphate, when dried, is mixed with charcoal and calcium car- 
bonate, and strongly heated. Two reactions take place during 
this process: First, the carboa reduces the sodium sulphate to 
sulphide. 

NajSO, -I- 2C = NttjS -f 2C0,. 
Second, the sodium sulphide and calcium carbonate react to 
form calcium sulphide and sodium carbonate. 

Na^S + CaCO, = CaS + NaaCO,. 

The high temperature also converts a portion °^Ji|*^„*^'|j,"^ 
carbonate iuto calcium oxide and carbon dioside. " """ "" 
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of this fusion, knoivn hs black ball soda, are, therefore, Eodium 
carbonate, calcium sulphide and calcium oxide. The black ball 
is broken up and lixiviated with hot water, which disBolvea out 
the sodium carbonate ; this solution is evajiorated to dryness, and 
crude soda aah, or soda, of commerce results. 

Of late years another process, kiiowu as Solvay's, or the am- 
monia method, has largely replaced that of Leblauc. In thia 
process, ammoDium bicarbonate reacts upon sodium chloride, 
forming the sparingly soluble sodium bicaroonate, and the freely 
soluble ammonium chloride. The sodium bicarbonate is then 
converted into the carbonate by heat. At ordinary tempera- 
tures, sodium carbonate crystallizes in lai^, rhombic crystals, 
containing 10 molecules of water, which efiloresce in dry air. It 
is soluble in water, most freely at SS^C. (100.4°F.) Its solutions 
have an alkaline reaction. When the crystals are calcined at a 
dull red heat, they disintegrate, give off their water of crystal- 
lization, and form a white powder, the sodii carbonas ex- 
siccata, of the V. S. P. -lOO parts of H,0 dissolve 10 parts of 
this anhydrous carbonate at CC. (32°F.), and 138 parts at 38°C. 
(100.4^.). 

310. Hydrogen Sodium Carbonate — Acid Sodium 
. Carbonate^Sodium Bicarbonate — Sodii Bicarbonas 

(U. S.)— Sodse Bicarbonas (Ur.), (NaHCO,), is found in many 
mineral waters. It is produced by the ammonia process as above, 
and by the action of carl>on dioxide upon sodium carbonate. 

NttjCOa + CO, +HaO = 2NaHC0a. j 

It forms small, rectangular prisms, which are anhydrous, bnt 
dissolve in ten or eleven parts of water. Its solutions are nearly 
neutral to test paper. By heating the solid or boiling its solu- 
tions, it gives off carbon dioxide and ia converted into the 
carbonate. 

311. Sodium Phosphates. — These are three in number. 
They are less soluble and crystallize better than the potassium 
salts of phosphoric acid. 

The tri-sodium phosphate, or basic phosphate (NajPO,), is 
made by saturating 1 part of phosphoric acid with 3 parts of 
sodium hydrate. It crysfallizes in six-sided prisms, and is soluble 
in 5.1 parts of water at 15.5°C. (_59.9°F.) Its solution is alka- 
line to tcs-t riippr. 

Hydrogen Disodium Phosphate — Disodium Phos- 
phate—Neutral Sodium Phosphate— Sodii Phosphas 
l,U. S.)— Sodee Phosphas (Br.), (.Nu^HPO,), is more stable.. 
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than the other phosphates, and is the one generally employed in 
medicine nad in laboratories. It may be prepared by treating 
phosphoric acid with sodium hydrate to feeble alkaline reaction. 
Below 30°C. (Se^F.) it crystallizes iu large, rhombic prisms, with 
12 Aq. ; at 33°a t91.4°F.) it crystallizes with 7 Aq. The salt with 
12 Aq. effloresces in air, losing 5 Aq. ; that with 7 Aq, does not. 
Both are freely soluble in water, and show a faintly alkaline 
reaction. 

Monosodtutn Phosphate — Acid Sodium Phosphate 
(NaH:,PO,), cryatallizes in rhombic prisma with 1 molecule of 
water, and is acid in reaction. At 100°C. (21!J°r.) it loses its 
water of crystallization, and at about 200^0. (392°F.) forma 
sodium pyrophosphate (Na^H^PjO,), and at 240°C. (464°F.) 
the metaphosphate (NaPOj). 

Na,HjPaO, =2NaP03 + H,0. 
3J2. Sodium Nitrate— Chili Saltpetre— Sodii Nitras 

(U. 8.), (NaNO;,), is found native in extensive deposits tn Peru. 
It crystallizes in rhonibohedra, which closely resemble cubes ; 
bence, it is called cubic saltpetre. It is deliquescent, and is, there- 
fore, not adapted for the manufacture of gunpowder; it has a 
cooling, saline, somewhat bitter taste. It is more readily soluble 
in water than potassium nitrate, which, in other respects, it quite 
closely resembles (which see). It is used in the manufacture of 
nitric acid, and as a fertiliser. 

313. Sodium Borates, — Six are known. The only one of 
importance is the Disodium Tetraborate — Sodium Pyro- 
borate— Borax— Tincal— Sodii Boras (U. S.), (Na,B.O,). 
which is found native iu some of the lakes of Thibet, from which 
country it was formerly imported. 

At present it is prepared artificially by boiling boric acid with 
sodium carbonate. Boric acid is found in lagoons of Tuscany, 
and this is the present source. It crystallizes in large, hexagonal 
prisms, with 10 molecules of HgO, or iu regular octahedra with 
511,0. The former variety efHoresces in dry air ; the latter is 
permanent. Both dissolve in 12 parts of cold and 2 parts of 
boiling water, forming a solution that has a feebly alkaline 
reaction. Upon heating, both salts puff up considerably, lose 
their water, and form a white, porous mass (burned borax), 
which finally fuses to a transparent glass. In the fused state, it 
will dissolve many metallic oxides, forming clear glasses (borax 
beads), which often show a characteristic color on cooling; thus, 
copper salts give a blue, and chromic oxide an emerald green 
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Borax is used m this way as a, blowpipe t«st for certain 

It ia this property of dissolving oxides of the nietala that 
renders boras useful in welding and soldering motals. In tbese 
operations it is used to remove the oxide, or rust, from the sur- 
aces of the metals. 

314. Sodium Hypochlorite [NaClO). — When in solution 
Liq. SodEe Chloratge (U. St), (Br.) — Laharraque's solution. 
It may be prepared by decomposing a solution of chloride 
of lime with sodium carbonate. It yields up its chlorine 
readily, thua acting as an efficient disinfectiog and decoloriaing 
agent. 

31.5. Physiological Effects of the Sodium and Potas- 
sium Compounds.^The action of the halogen salts of these 
metals is generally that of the combined chlorine, bromine, or 
iodine. The hydrates of both metals, and, to a lesser degree, the 
carbonates, tend to disintegrate the tissues with which they come 
in contact; hence, they possess powerful caustic properties. If 
taken internally, the hydrates are highly poisonous, causing death, 
like the mineral acids, either immediately, by their corrosive 
properties, or secondarily, by exciting intlammation of the gastro- 
intestinal raucous membrane, with consequent thickening and 
constriction. 



In cases of poisoning liy tl 
evucuutcd, and a weak acid, si 
to ueutralixu llie alkali ; nr, it 



:anstic alkalies, the etoniach should be 
as dilute vineRar rir lemon jaice, givea, 

)ul<l tie Gupnnined by the admiuiHtraiion 
01 Bome oil or mi. J.ae mirara of Iheae metals is also toxic in its intlu- 
ence, and for it there is no direct antidote. The nlkallne carbonates are, 
undoubtedlf, of considerable importance to the carrjiiig on of the normal 
functions of the animBl body. In the first place, it is eieeedingly probable 
that some, at leaet, of the albuminoid mat'ers of t!ie blood are held in 
solution by reason of its alkaline reaction, which islargelygiveuitliy these 
carbonatCH. 

Secondly, it liss been shown very clearly that the alkaline renclion of 
the blood is of first importance to the oxidation procesnes, which are 
intimately connected with the prodnction of animal heat and retrograde 
iiiutuniorphosiii. It is .only in the presence of a free alkali that many 
orgnnic subsfanccB will unite with oxygen, and thus, their decomposilion 
without an alkali would be impossible at the temperature of the body. 
In proof of this, it is known that, if the vegetable acids are given free, 
tliny will reappear, for the most part, unchanged, in the urine ; but if they 
nre In combination with the aikaUcs when given, ihey are thoronghlj 
burned up in the blood, and reappear us carbonates. Id laet, so important 
ftrn tlieae alkaline sails — carbonates and phosphates — that without them, 
alhiiiiiinoid bodies will not support life. 

Tbe alkaline carbonates in sufficient quantity render the urine 
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alknliiie in rcitctioa and increase the quantity. The tartrates, 
citrates and acetates of sodium aud potassium have a very similar 
action upon tlie economy to that of the carbonates, into which 
they are converted either in the intestines or blood, A slightly 
more cathartic action is attributed to the tartrates than is pos- 
sessed by the carbonates. This action is also more or less shown 
by the sulphates aud phosphates. 



POTASSIUM CKalium). 



31G. Occurrence. — This metal ia found widely distributed in 
rocks and minerals, principally as silicates. By the action of the 
atmosphere and other influences, these silicates gradually decom- 
pose, the potassium passes into the soil and is absorbed by the 
plants, from the ashes of which it may be obtained. The chlo- 
ride and sulphate are also fo'JDd in sea-water, and iu large 
deposits, mixed with other chlorides. A chloride of potassium 
is mined in Stassfurtb, Germauy, as a source of potassium 
salts. 

317, Preparation and Properties. — It is prepared by 
calcining an intimate mixture of the carbouate with, carbon. 

K,CO, + 2C = 2K. + 8CO. 
Such a mixture may ba made by heating organic potassium 
salts, as crude tartar, to redness. In this way a black mass is 
formed, consisting of potassium carbonate and free carbon. By 
heating this black mass to a white heat in an iron retort, the 
potassium distills off, aud is condensed under mineral naphtha. 
Potassium is a silver-white, lustrous metal, brittle at O^C 
(3-rF.), waxy at 15'C, (;59'F.), fuses at 63^0. (14-B.C'F.), aud 
diBtills at a red heat, Sp. gr. at 15°C. (_59''F.) — 0.865. Its 
affinity for oxygen is such that, if it be exposed to the atr, it 
tarnishes at once. It decomposes water or ice with great energy, 
with the formation of puta'isium hydrate and the liberation of 
hydrogen, which is ignited b^ the high temperature caused by 
the reaction. It combines directly and energetically with the 
Balogens, sulphur, phosphorus, arsenic, antimony and tin. 

318. Potassium with Oxygen— Potassium Oxide (KjO), 
results from the direct oxidation of polassium, by simply exposing 
thin strips of the metal to tiry air, or by the action of potassium 
upon the hydrates. 

2K0H + K, = 2K;,0 + H,. 



188 IKORGAMIC 

It is a white, deliqucsceDt, caustic powder, uniting readily mWlj 
water to form the hydrate, with the evolution of much heat. 

319. Potassium Hydrate — Caustic Potash or Potassa 
(U. K), Potassa Caustica (Br.), (KOH), is prepared by the 
decoiDpoeiliun of potassium carbonate by calcium hydrate (slacked 
lime}. 

KjCO, + Ca(OH), = CaCO, + 2K0H. 

AAer these eubatsncee hnve been boiled together, the solution 
is allowed to settle. It is then poured off, evaporated, and the 
TotiducruBcd in a)«ilvcr(liEh(which it does not tittack). The fused 
niuesia then poured into moulds. This is called potash by lime, 
and is not pure. To render it purer it is diEBolved in alcohol, the 
solution evaporated to drynees, the residue again melted and ca^t 
in silver moulds ; this product ia potash by alcohol, and is free 
from the chloride and other potassium ealts. It ia a white, opaque, 
brittle solid, usually met with in the form of cylindrical sticks, 
but HometimcB in lump. It has a specific gravity of 2.1. It flisea 
(juito msily, and, at high temperatures, volatilizes undecomposed. 
It is freely soluble in water; le^s so in alcohol. The solutions 
give a markedly alkaline reaction, saponify fats, and are strongly 
caustic. Exposed to the air itabEorbs water and carbon dioxide, 
and is changed into the carbonate. In watery solution it is largely 
used as a reagent in chemical analysis ; it dissolves chlorine, bro- 
mine, iodine, Eulphur and phosphorus. It decomposes the am- 
moniacal i^alts, liberating ammonia ; it also decomposes the salts 
of many of the metals, with the formation of a [mtassium salt 
and II hydrate of the metal. 

The haloid salts of potassium form by direct union of the 
haloids with the metal, or by saturating the hydrate or carbonate 
with one of the haloid acids. They all have a bitter.salty taste, 
are_ freely soluble in water, and crystallize-in cubes. They fuse 
easily, and are somewhat volatile. 

320. Potassium Chloride (KCI), occurs natire,either pure 
or mixed with other chlorides. At Stassf'urth it is found In targe 
deposits, as sylvitc, and carnallitc ( K CI .MgC'l,. 011,0). These 
deposits form the chief source of the potassium compounds. 

The chloride crystalliKes in anhydrous cubes, of Bp. gr, 1.84. 
dcsely resembling common salt. 100 parts of water dissolve 30 
parts at 0°C. (32°F.), an^ 0.2738 part more for every dt^ree 
I elevation of temperature, 

321. Potassium Bromide — Potassii Bromidum (U. 8., 
Br.), (KBr), is generally obtained by di8.-iolviug bromine in a 

[ Bolution of potassium hydrate ; the bromatc also produced ii 



reaclirn is ctnverltJ into brcmide by calciniiig the proiiuft. It 
tiB8 the properties of the other haloid ?alts, and is used iu 
photography, and in medicine. 

322. Potassium Iodide— Potassii lodidum (U. S., Br.l, 
(KI), may be prepared like the preceding, by using iodine instead 
of bromine. It crystallizes in large, white, trauslucent cubes, 
permanent iu air, and salty in taste. It dissolvea to the extent 
of 100 parts iu 73.5 parts water at ordinary temperatures. Its 
aqueous solution dissolves iodine in large quantities, forming the 
compound tincture of iodine. It also dissolves many metallic 
iodides to form double iodides. Its medicinal effects are thoae 
of iodine. In chronic poisoning by lead or mercury, it is sup- 
posed that it unites with the metals in the blood or tissues, to 
form soluble iodides, and thus pass them out by the urine. 

323. Potassium Fluoride (KFl). — Its aqueous solution 
attacks glass. Is not of much importance to the medical student. 

324. Potassium Cyanide (KCN), may be obtained either 
by saturating potassium hydrate with hydrocyanic acid, or by 
heating potassium ferrocyauide. It is a white, amorphous, deli- 
quescent mass, easily fusible, and smelling of prussic acid. Its' 
solution is very poisonous. Its effects upon the economy are 
uncertain, but are probably those of hvdrocyaiiic acid. In case 
of poisoning by it, the stomach should be evacuated and the 
antidotes of hydrocyanic acid given. 

Ferrocyanide and Ferricyanide — see page 179, Art. 293. 

325. Potassium Chlorate— Potassii Chloras (U. S. P.), 
(KCLOj). — When a hot, concentrated, solution of potassium 
hydrate is treated with chlorine gas, the following reaction 
occurs — 

6K0H + BClj = BKCl -(- KCIO3 + SHjO. 

It is usually made by the action of chlorine upon a mixture 

of calcium hydrate and potassium chloride. By this metbod a 

double reaction takes place. Calcium chlorate is first formed. 

6Ca(0H)j f 6Clj -^ SGiCI, + Ca{C103l + (iH^O. 

This then reacts with the potassium chloride, 

CB{C10j)i, + 2KC1 --= 2KCI0, + CaClj. 
The hot solution is rapidly evaporated, and the residue purified 
by recrystallization. It crystallizes in shining, transparent plates 
of the mouoclinic system. Soluble in water to the extent of fi.03 
parU in 100 at lo.37''C. (59,65°F.), and 24 parts at 104.7°C. 
(.220.5°F.J ; soluble with difficulty in alcohol. It is cooling and 
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I the taste, fuses at 4(tO°C. f752=F.), ; 



I 



■strini^ 

portion of its oxygen aud changing to the perchlorate [k.C10, 
which at higher temperatures decompoBea into oxygen 
pota^ium chloride. As it gives up osygen easily, it serves 
valuable oxidizing agent, and as a means of preparing this _ 
Mixed with readily oxidizable substances, as carbon, sulphur, 
phosphorus, sugar, tannin, resins, etc., the mixtures explode 
when heated or subjected to a sudden shock. The ignidng ma- 
terial with which parlor matches are tipped, consists of antimony 
sulphide and potassium chlorate ; rubbed upon a surface coated' 
with red phosphorus, they ignite. 

326. Potassium Hypochlorite (KCIO), is formed by t 
action of chlorine upon a cold solution of potassium hydrate. 
2KH0 -I- CI, --. KCl +KCIO + H,0. 

It can only be obtained in aqueous solution. If the Bolutii 

is evaporated, the salt splits up into . chloride and chloral 

3KCI0 = 2KC1+KC10,. 

When treated with acids, it yields free chlorine and bleache»i 
strongly. The ordinary solutions used in bleaching (Labarraque'a 
solution and Javelle water), are solutions of impure sodium or 
potassium hypochlorite. 

^27. Potassium Nitrate— Nitre — Saltpetre — Potassii 
Nitras (U.S.). (KNO^), exi.sts native, and is produced artificially 
whenever nitrogenous organic substances decay in the presence 
of potasaiutn carbonate. Upon the so-called saltpetre planta- 
tions, manures and various animal refuse are arranged in layers 
with wood ashes and iimo, in large heaps, and submitted to the 
action of the air for two or three years, whereby, from the slow 
oxidation of the nitrogen, nitrates of potassium and calcium are 
produced. The heaps are then lixiviated with water and potas- 
sium carbonate added to the solution, which contains potassium 
and calcium nitrates, to convert the last salt into potassiaoi 
nitrate. 

Ca{NO^)i + K.COa -= CaCOj f 2KN0, 
The calcium carbonate is filtered off, and the eolutiou evaporat 
Another method, aud probably the one most frequently ei 
ployed at present, consists in the decomposition of Chili salt- 
petre, sodium nitrate, by means of potassium carbonate. 
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water dissolve 244 parta of the salt at 100°C. (212°F.), but ut 0' C. 
(32=F.) only 1,3 parla. It fuses at 350'O. (66-2=F.) : bebw a red 
heat it decomposes into oxygen and potassium nitrite, KNO„ 

The readinaw with whiuh it gives up its oxygen when heated 
in the presence of au oxidizable substance, renders it of value as 
an oxidiziog agent. 



GanpowJer ia a granular ml xt,iir!< of pata! 
charcoal, in snch proportion that the nitre cool 
sarj for the eonibuHtion. The following 
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times greater thao that of the decomposed powder. The heat of the 
combuHtioD further expands the gasos at the time of the explosion. 

328. Potassium Carbonate — Potassii Carbonas (U. S.) 
— Potassa: Carbonas (Br.j — Salt of Tartar — Pearlash — 
(K,COj), — exists in mineral waters, in the animal economy, and 
aa the principal ingredient of wood ashes. The plants absorb 
potassium salts from the earth and convert them into salts of 
the organic acids. When the plants are burned, the organic 
acids are destroyed and potassium carbonate produced, which is 
obtained by lixlviation of the ashes, and evaporation. This 
method is not much employed at present. The immense de- 
posits in Stassfurth and Gallicta afibrd an almost inexhaustible 
supply of putaasium salts. It occurs commercially as a white, 
granular, deliquescent powder, freely soluble in water, the solu- 
tion having a caustic taste and an alkaline reaction. 

329. Potassium Bicarbonate — Hydropotassic Carbon- 
ate — Potassii Bicarbonas (U. S.) — Potassas Bicarbonas 
(Br.), (KHCOj).— When carbon dioxide is passed through a 
concentrated solution of potassium carbonate, it iaabsorbed and 
potassium bicarbonate produced. 

K3CO,, + e,0 + CO, -^HKHCOj. 
This salt crystallizes in oblique, rhombic prisms, of the 
monoclinic system. It dissolves in 3 to 4 parts of water; the 
solution is faintly alkaline but not caustic. The substance that 
ia still extensively used in some parts of the country iii baking, 
under the name saleratus, is this, or the corresponding sodium 
salt. It " raises " the bread by the action of heat in setting free 
the carbon dioxide, and leaving potassium (or sodium) carbonate, 
which, by its strongly alkaline reaction, may cause digestive 
diaturbuncea. 
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330. Sulphides.— Five are known: K,S, K,8„ K,S„ K^ 
and K..Jii ; alijo a sulphydrate, KSH. The latter is prepared by 
the action of hydrogen eniphide upon pota^^ium hydrate. 

KOH + HjS = KSH + HjO. 
The Pentasulphide (K, 8a), Liver of Sulphur— Potass ii 
Sulphuretum (U. S.)— Potassa Sulphurata (Br.), is ob- 
tained by iuaing potassium carbonate with an excess of sulphur. 
It dccompoBes readily, and in coutact with hydrochloric acid gives 
off hydrogen sulphide. 

331. Potassium Sulphate — Dipotassium Sulphate — 
Potassii Sulphas (U. S.}— Potassee Sulphas (Br.j, ( Kj.SO,), 
is found in the Staasfurth miaeg, in plant ashes, and in solution in 
mineral waters. It is obtained by the action of sulphuric acid 
upon potassium chloride, as a by-product in some chemical 
man ufaetu ring processes. It crystalli/ea without water, in small, 
rhombic prisms, of a bitter, salty taste, and is soluble iu lU parta 
of water at ordinary temperatures, 

332. Hydropotassium Sulphate — Monopotassic Sul- 
phate — Acid Sulphate (KH80,), is formed as a by-product in 
the manufacture of nitric acid from potassium nitrate; crystallizes 
in large, rhombic tables, and is very readily soluble in water. At 
about 200°C (392''F.) it fuses, loses water, and is converted into 
the pyroaulphate (KjSiO,). 

333. Sulphites.— Tlirue are known: K,80„ KHSO, and KjSi,0,. 
Potassium Sulphite — Keutral Potassium Sulpnite — Potas- 
sium Sulphia (C. 8.), (KgSOj).- Iliia salt crystallizes iii obliijne 
rhombic octnliedra, which dissolve readily in water, and have a sulphur- 
onB odor. When in solnlion, if exposed to the air, it absorbs oxygen, and 
ia converted into the sulphate. 

334. Potassium Acetate— Potassii Aoetas (U. S.)— Po- 
tassee Acetas (Br.), (KCjHjOj), exists in the juices of plants. It ia 
obtained by nentrali/iiig acetic acid with polassium carbon^iie or biear- 
bonate. It crys(alllzi:a In shining □eedles, deliquescent, and very soluble 

336. Oxalates. — Three are known to exist: Potassium Oxalate 
—Neutral Oxalate (K.jC^Oj + Aq.), formed by saturnting oxalic iicid 
with potasBiiiin ctirbonate. HydropotaSBlum Oxalate— Mono- 
potassium Oxalate— Blnoxalate of Potash (KHCJO4). Po- 
tassiumQuadroxalatelKHC^Oj. C^O^H; -|- 2Aq.}. Amixtureof 
these two salUt is known aa salt of lemon, or salt of sorrel, and ia 
used for bleaebing straw and to remove ink stuina. In appearance it 
closely resembk-s Epsom salt, and has caused many cases of o.talic acid 
poisoning, heinj; taken by mistake for that salt. 

831). Tartratea.-PotassiumTaj-trate— SolubleTartar— Neu- 
tral Tartrate of Potash— Potassii Tartras (U. S.)- Potassse 
Tartras (Br.), (KjCUiUo), is a white, crystalline powder, very ai ' " 
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in wnler; soluble in 940 parts hIcdIioI. HydropoteSBium Tartrate— 
' Cream of Tartar— Potassii Bitartras( U.S.), Potasese Bitartras 

(Br.), (KHC,HjO,).— AbrowD-red, crjslalline crust is obtained from the 
bottom and sides of wioe caEka after fermentation has taken plate ; this 
is known in corotnetee as argol, or crude tartar, and is coropoaed in 
great part of potassium bitsrlrate, with tartrate of lime and coloring 

The argol is boiled with water, or healed in b closed digester by snper- 
heated steam. The latter procees renders ihe calcium turtratu insoluble 
i it alnioEt conipletelj from ihe cream of larlar, whicit goea 
Tbe rolulion thus obtained is allowed to cool and crjstal- 
j the crystals are redissolved in hot water, treated with anlroal 
eharcoal, to remove coloring matters, filtered, and again crystallized. 
The product of this process is almost chemical!; pure acid polaFsium 
tartrate. 

It crystallizes in hard, opsqne, rhombic prisms, very sparingly soluble in 
water, still less so in alcohol. Its solution is acid to the taste, and to 
liimos paper. It is largely ascd in baking, combined with Hodium. bi- 
carbonate, Ihe two substances reacting upon each other to form Rochelle 
salt, with liberation of carbon dioxide. Baldng powders are exten- 
sively used at present, instead of yeast, for bread making. In allof Ihera 
""" --•■'■-- ' 'g upon the decomposition of sodinm bicarbonate by 

^ in acid reaction, or by a weak ocid. 
In addition to the bicarbonate, and Ihe starch added to preserve them, 
many of them contain either tartaric acid, alum, or acid phosphates of 
calcTnm, instead of cream of tartar. 

Some of the reactions that take place to set free tbe carbon 
dioxide are the followiDg : — 

1. KHC.H.O, + NaHCO, = NaKCiH.O, +H,0 + CO.. 
0(4-3Na,80, + 



;. CaRitPOi), + 2NaHC0a = CaHPO^ + NaHPOi + 



An arliflcial powder may be made by intimately mixing two parts cream 
of tartar with one of sodium bicarbonate, and adding a little flour or 

337. Sodium Potassium Tartrate— Rochelle Salt — 
Potassii ct Sodi Tartras (U. 8.), (NaKO.H.O, + -lA.i.], ia 
prepared by boiling acid potasRiutn tartrate with sodium carbon- 
ate. It forma large, tratiaparent, prismatic, slightly efHoreseent 
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crystals, soluble in 2i parts of cold water, saline, and slightly . 
bitter to the taste, and neutral in reaction. 

338. Potassium Antimonyl Tartrate — Tartarated 
Antimony — Tartar Emetic — Antimonii et Potassi Tar- 
tras (U. S.), (SbOKC.HA), is prepared by boiling a solution 
of cream of tartar with autimonious oxide. Iti crystals are trans- 
parent, right rhombic octahedra, efflorescing in the air. It is 
quite soluble la water, the solution having a nauseating, metallic 
taste.' It is poisonous, and has even caiised death when applied 
to the skin as a local irritant and vesicant, ^H 

RUBIDIUM and.C^SIUM. H 

Kb_B5.i. Cs-m.B. ^ 

339. These rare metals were discovered in 1860 by Bunsen 
and Kirchoff, by means of the spectroBCope. Both elements were 
named from the color of their lines in the spectrum (nibidius, 
dark red, and caesius, sky blue). They occur in small quan- 
tities, widely distributed, often accompanying potassium. With 
platinum chloride they form double cHoridea (PtCl,.2RbCl), 
Their compounds have found no use in medicine, as yet. 

AMMONIUM COMPOUNDS. 

340. Ammonium (NH,). — This radical has only a hypo- 
thetical existence, never having been isolated. But there are 
many reasons to believe that it does actually exist in combination 
in the ammonium compounds, and that in these compounds it 
plays the rfile of a metal resembling sodium and potassium. 
The oxide of this radical has not been separated. 

341. Ammonium Hydrate (NH,OH) is believed to exist 
in solution in the ordinary aqua ammonia;, although, when the 
attempt is made to isolate it, decomposition ensues. 

Aqua Ammonite Fortior (U.S.J hasasp.gr. of 0.900, and 
contains 249..^ grams NH, per litre. 

Aqua Ammonite (U. B.) is of sp. gr, 0,960, and contains 
93.1 grams NHj per litre. 

342. Ammonium Chloride— Ammonium Muriate — 
Sal- Ammoniac — Ammonii Chloridum (U. 8., Br. 1, (NH, 
CI), was formerly obtained by the dry di.'itillation of camels' dung, 
and is sometimes found iu volcanic regions. At present it is 
prepared chiefly by saturating the amraouia water from gas works 
with hydrochloric acid, evaporating the solution to dryness, and 
subliming the residue in iron vessels. Prepared in this way, it i| 
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n compact, tough, fibrous mass, which dissolves in 2,7 parts cold, 
and one part boiling water. It crystallizes from ita solution ia 
Bmflll octahedrft or cubes, of a sharp, salty taste, and neutral re- 
action. When heated, it volatilizes without fusing ; at the same 
time a dissociation into NH, and HCl occurs, but on cooling, 
these products recombine into ammonium chloride. 

This salt exists in minute quantities in the gastric juice of 
various animals. The urine, saliva, and tears also contain some 
ammonium compound, which is said to be the chloride. 

343. Ammonium Bromide ^ Ammonii Bromidum 
(TJ. S., Br.), (NHj) Br.), may be prepared by direct combination 
of ammonia and hydrobromic acid, or by decomposing ferrous 
bromide with aqua ammonice. It forms a white, granular powder, 
or large prisms, which turn yellow on exposure to air, and possess 
a saline, pungent taste, and neutral reaction. It dissolves in 1.5 
parts of water, and volatilizes without decomposition. 

344. Ammonium Iodide — Ammonii lodidum (U. S.), 
(NH.)I), is prepared by the action of hydriodie acigl upon 
ammonia, or by the double decomposition of potassium iodide 
and ammonium sulphate. It forms cubic crystals, which are 
deliquescent, and is soluble in 0.60 parts of water. It decom- 
poses in air, turning yellow and emitting the odor of iodine. 

34.5. Ammonium Sulphide (NH4)S0 is a white, crys- 
talline solid, formed by mixiiicr dry hydric sulphide and ammonia 
at a low temperature ( — 18°C. (about 0°F,). It is usually 
prepared and used as a yellow solution, by mixing the 
Bulpbydrate with ammonium hydrate. It dissolves sulphur and 
the sulphides of arsenic, tin aiief antimony, and is used in analysis 
for this purpose. 

Ammonium Sulphydrate (NII.SH) is prepared by satu- 
rating a solution of ammonium hydrate with hydrogen sulphide 
(sulphuretted hydrogen). It is colorless at first, but becomes 
yellow, from decomposition, on e.xposure. It is used in laboratories 
as a reagent. Acids decompose both these sulphide.s, setting free 
sulphur. 

346. Ammonium Carbonates. — Three are known: Am- 
monium Carbonate — Neutral Ammonium Carbonate 
(NHiiiCO,), may be prepared as a crystalline powder, by passing 
ammonia gas through a concentrated solution of the sesquicar- 
bonate. Exposed to the air it splits up into ammouia and the 
acid carbonate, NH.TIClli. 

Hydro-ammonium Carbonate— Acid Ammonium Car- 
bonate (NII.HCOj), is obtained wlieu a solution of ammouium 
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hydrate or seequicarbooate is salurated with carbon dioxide. It 
forms large, rhombic crystals, which are quite soSuble in water. 
At sec. (140T.) it is deconiposed into ammoDia and carbon 
dioxide. 

Ammonium Sesquicarbonate— Sal- Volatile— Ammo- 
nii Carbonas (U. B.j — AmmoniEe Carbonas (Br.l, 
(NH,'),Hi)(C0j)3, is the commercial carbonate of aiumouia, 
and was formerly prepared by the dry distillation of bones, 
horns, and other animal substances. It is at present prepared 
by heating a mixture of ammonium chloride or sulphate with 
calcium carbonate, and condensing the volatilized product. So 
prepared, it sublimes as a white, transparent, hard mass, having 
an ammoniacal odor aud an alkaline reaction. Od exposure to 
the air, it gives off ammonia and carbon dioxide. The carbon- 
ates of ammonia are very unstable. 

347. Ammonium Nitrate— Aramonii Nitras (U. S.), 
(NHi)N05), is prepared by neutralizing nitric acid with am- 
monium hydrate or carbonate. It crystallizes in flexible, six- 
eided prisms, without water ; dissolves in 0.5 parts water at 18°C. 
(64.4°F, ), and fuses at ISO^C. (302°F.). "When heated to 210°C. 
(410°F.), it decomposes, with the formation of nitrous oxide, orj 
laughing gas, and water. fl 

(NH.jNOj =-- N,0 + 2HjO. ^ 

348. Ammonium Sulphate— Neutral Ammonium Sul- 
phate — Ammonii Sulphas (U. S.), (NH,):^0,), may be ob- 
tained by saturating the ammonia water from gas works with 
sulphuric acid. It forms rhombic crystals, soluble in two parts 
of cold, and one part of hot water. At 140''C. (284°F.) it fuses, 
and at higher temperatures it decomposes into ammonia, nitro- 
gen, water and ammonium sulphite. 

349. Ammonium Acetate {NH,)CjHjO!') is formed when 
acetic acid is saturated with ammonia or ammonium carbonate. 
It ia seldom seen except in solution in water. The aqueous so- 
lution is used in medicine, as the Liq. Ammonii Acetatis, or 
Spirit of Mtndererus. 

Other salts in use are the benzoate, phosphate and 
valerianate, all while crystalline salts. 

350. Action on the Economy. — In large quantities, or by 
prolonged use, ammonia and its salts are poisonous. Ammonia, 
if inhaled, acts as a severe irritant upon the air passages, causing 
dyspnoea, pain, suffocation, and even death. The treatment in 
cases of poisoning, consists in neutralizing the alkali by dilutft.-j 







acids, or the vapor of acetic or dilute hydrochloric acids may be 
JDhaled. Two drachms of a strong solution of ammonium 
hydrate have provei! fatal. 

METALS OF THE ALKALINE EARTHS. 

Oaloiuin = 40. Strontium = 87.5. Barium = 137.2. 

3.^1. The members of this group are called metals of the alka- 
liae earths because their oxides resemble, od the oue hand, the 
oxides of the alkalies, aod, on the other, the real earths (alumioia, 
etc.). Like the potassium group, Iheir properties and chemical 
energy increase gradually with their atomic weights. Their 
basic pro|>erties also become greater with their atomic weights. 
Thus, barium decomposes water more energetically, and oxiilizes 
more readily, than strontium or calcium. Barium hydrate is 
likewise the etrong^t base. It is quite soluble in water. It 
fuses without decomposition upon ignition, and absorbs carbon 
dioxide rapidly from the air. Calcium hydrate possesses weaker 
basic properties, is difficultly soluble in water, and, when ignited, 
breaks up into water and calcium oxide. Htrontium stands 
between barium and calcium. Thus, although these metals 
resemble the alkaline metals, both in thetr free state and as 
hydrates, they essentially differ from them in the insolubility of 
their carbonates and phosphates, and still more their sulphates. 
Barium sulphate is insoluble in water and acids. 

CALCIUM. 

362. Occurrence. — This metal forms one of a class of ele- 
ments most widely distributed in nature. Its carbonate (lime- 
stone, marble and chalk), its sulphate (gypsum and alabaster), 
and its phosphate, fluoride, and silicate, are common minerals. 

Preparation.— Calcium may be obtained from the fused 
chloride, by electrolysis; or, 'by heating calcium iodide with 
sodium, or calcium chloride with sodium and zinc. 

Properties. — A light, shining, yellow, ductile metal. It 
fuses at a red heat, does not sensibly volatilize, and in the air 
burns with a brilliant reddish-yellow light. It does not undergo 
decomposition in dry air, but in moist air covers itself with a 
layer of hydrate. Its specific gravity is 1.984, 

353. Calcium Oxide— Lime— Calx (U. S., Br.), (CaO.), 
is obtained pure by igniting the carbonate or nitrate. On a 
large scale, it is prepared commercially by burning the natural 
carbonate (limestone or marblejin rude stone furnacw, called lime 
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When the osy-hydrogen i 
incandesceot, and emits an extremely inteDse white light, (Cal- 
cium, or Drummond light.) It combines euergeticjilly with water 
to form the hydrate, the process koowu as slacking, uud Is at- 
tended with the evolution of much heat. Exposed to the air it 
attracts moisture and hecumes air-slacked. 

354. Calcium Hydrate — Slacked Lime — Calcis Hydras 
(Br.), (Ca(0H)5, is a dry, white powder, odorless, and alkaline in 
reaction. It is slightly soluble in cold and less so in hot water. 
Exposed to the air it absorbs carbon dioxide and forms carbon- 
ate. Ordinary mortar is a mixture of slacked lime, water and 
quartz sand. The hardening of mortar depends upon three 
causes : 1st. The natural evaporation of the water. 2d. The 
absorption of carbon dioxide from the air, and the formation of 
calcium carbotfbte. 3d. The action of the hydrate upon the 
silicic acid of the sand, producing calcium silicate. This last 
reaction takes place slowly ; hence the hardness of old mortars. 
Hydraulic mortar, or cement, contains caJciuiu oxide, alumi- 
nium silicate and quartz powder ; its hardening depends 
principally upon the formation of calcium and aluminium sili- 
cates. 

355. Lime Water ^Liquor Calcis (U. S., Br.), is a clear 
solution of the calcium hydrate in water. Cane-sugar increases 
the solubility of calcium hydrate in water, with which it forma 
a saccharate. The British Liquor calcis saccharatus is a 
solution of calcium hydrate in a strong solution of cane-sugar. 
When lime-water contains an excess of the hydrate, rendering it 
turbid, it is called milk of lime. 

3.5(5. Calcium Chloride— Calcii Chloridum (U. S., Br.), 
(CaCl,), ia prepared by the action of hydrochloric acid upon 
marble. It crystallizes with 6 molecules of HjO, in large, six- 
sided prisms, which are bitter, deliquescent, and very soluble in 
water. If heated, it melts in its water of crystallization with 
some loss of water. Above 200°C. (392°F), it becomes anhy- 
drous. The dry salt is a white, porous mass, which fuses at a red 
heat and solidiReB to a crystalline mass, which rapidly absorbs 
water, and is used as a drying agent for gases aud liquids. 
Calcium iodide and bromide are very similartothe chloride. 

357. Chloride of Lime — Bleaching Powder — Calx 
Chlorinata (11. S.), Calx Chlorata (Hr.), is a mixture of 
calcium chloride (CaCl,), and calcium hypochlorite (Ca(.CIO)^ 
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with some water. The hypochlorite ia the active principle. It 
is prepared by passing chlorine over slacked lime. 

From Ihe analogous action of chlorine upon sodiam or potaaaiam 
hjdriile, we mjiy espreua tlie reaction ia Uie caee of calcium hydrate by 
the foliowiag cqualion;^ 

MCa(OH), + 2CI, = Ca(OCI), + CaCU + 2H,0. 

According to this equation, the complete); chlorioBted chloride of Imie 
must contain 48.9 per eeot of chloriae, which ia neter the cnae, ua ik 
portiou of thd calcium hydrate always remnitis unchanged. The exact 
conatitulioD of chloride of lime is in doubt ; but from more recent obser- 
TStioua, it ia believed by some that the active conalitueot of chloride of 

,0C1, 
lime is a basic calcium hypochlorite Ca('^ and the following reaction 

lahea place when chlorine acta upon calciiitn hydrate; — 

3Ca(0H), + 2CIa = aCaO^HCl + CaClj + 2H,0. 

Calculating from thia equation, completely saturated chloride of lime 

only cODlaina 3'J per cent, chlorine, which is found to be actually the 

Chloride of Lime is a grayish-white, porous powder, hav- 
ing a bitter, acrid taste, and a chlorine-llkc odor; itis alkaline iu 
reaction, soluble in cold and decomposed by boiling water. It 
slowly decomposes in the air, the carDon dioxide liberating hypo- 
chlorous acid ; this decomposition is hastened by sunlight and 
heat. Dilute mineral acids decompose it very rapidly, with libera- 
tion of chlorine. The application of chloride of lime for bleach- 
ing and disinfecting purposes, depends upon this production of 
free chlorine. The amount that will be set free by acids, is 
called the active chlorine, which iu good chloride of lime 
should be at least 25 per cent. 

358. Calcium Sulphate (CaSO,") occurs very abundantly 
iji nature as gypsum, in right rhombic prisma, combined with 
two molecules of water. The anhydrous salt forms the mineral 
anhydrite. It is very sparingly soluble in water. One part 
dissolves at ordinary temperatures in 400 parts H^O. Ground 
gypsum is used in thearts under thenameof terra alba. AVhen 
heated to 200°O. (392°F.), it parts with its water, becoming con- 
verted into an opaque white mass, which, when ground,' is called 
PI aster -of- Paris. This powder, mixed with water, lakes up 
two molecules and hardens into a stone-like solid. Upon this 
property depends the usefulness of plaster fur making moulds, 
iigures, and immovable surgical dres-sinj^. 

359. Tricalcium Phosphate — Tribasic, or Neutral, or 
Bone Phosphate — Calcis Phosphas Precipitata |U. S.), 
Calcis Phosphas (Br.), CCaj(POj).), is found in rocks and 
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soils, in guano, in all plants, and in every tissue and fluid ( 
animal bixliee. 

It may be prepared pnre by dissolving bone ash in hydrochloric 
acid, filtering, and precipitating with ammonium hydrate; or, 
by adouble decomposition between calcium chloride and an alka- 
line phoaphate. It ia a gelatinous mass when first precipitated ; 
but, after drying, a white, amorphous powder. It is insoluble in 
water, but readily soluble in dilute acids, even acetic ; also in 
water charged with carbon dioxide. An impure tricalcium 
phosphate, prepared by burning bonea, is known as bone-ash. 

360. Dicalcium Phosphate (Ca,HPO. + 2H,0) separates 
as an amorphous iDtioluble precipitate, when disodium phosphate 
h added to a solution of calcium chloride mixed with some acetic 

361. Monocalcium Phosphate — Acid Calcium Phos- 
phate — Superphosphate of Lime (Ca[H,PO,M, is found 
in brain tissue "and in acid animal fluids. It is produced by the 
action of sulphuric or hydrochloric acid upon the first two phos- 
phates, and is manufactured as a fertilizer, mixed with calcium 
sulphate, by decomposing bones with sulphuric acid. At a tem- 
perature of 200^0, (39:i^F,), it splits up into pyrophosphut^, ■ ' 
metaphosphoric acid and water. 1H 

2Cii(H,P0j)j = Ca;PaO, +2HPOj + 8HiO. ^ 

When this mixture is ignited with charcoal, the metaphosphoric 
acid is reduced to phosphorus. 

362. Calcium Carbonate— Calcis Carbonas(U. S., Br."), 
(CaCOj), is of exceedingly wide distribution ia nature- It exists 
sometimes in enormous deposits, as limestoue, marble, chalk, 
Iceland spar, and as the mineral basis of the corals, shells of the 
Crustacea, mollusks, etc. Chalk is a comparatively pure, amor- 
phous calcium carbonate, made up of microscopic shells. The 
precipitated chalk of the Pharmacopceia is prepared by precipi- 
tating calcium chloride with sodium carbonate, filtering off and 
washing with water. Prepared chalk — creta preparata 
(U. S., Er.), ia a native chalk, purified by elutriation, which 
consists in grinding the chalk in water, allowing the mixture to 
subside, decanting the upper portion, and c:)Ilectiug and drying 
the finer particles. 

Calcium carbonate is nearly insoluble in pure water, but dis- 
solves readily in water containing carbon dioxide ; hence, we find 
it dissolved in nearly all natural waters, as an acid or bicarbonate 
(CaH,(COj),), giving rise to temporary hardness, B.iilinf" 
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agitation, or free expusure to the air may decompose this salt, and 
deposit the ordiuary calcium cArbonate. Upon this depends the 
formation of lime scales, stalactites, boiler incriistatiuns, and 
similar deposits. 

363. Calcium Oxalate (CaCA) is found in the juice of some 
plaats and in the urioe. It may he obtained, as a fine, white, 
crystalline powder, by adding any soluble oxalate to a soluble 
calcium salt in neutral or alkaline solution. It is insoluble in 
water and acetic acid, but soluble in the mineral acids. In many 
diseased conditions which produce deficient oxidation or ex- 
cessive production of acids, (lung disease and acid dyspepsia), it 
occurs in considerable quantities in the urine, and gives rise to 
oxaluria, or the oxalic acid diathesis. This salt frequently forms 
calculi, which present irregular projections and have received 
the name of mulberry calculi. Excessive saccharine diet, or ex- 

mption of certain vegetables, as tomatoes, rhubarb, 
s the production of calcium oxalate. 

364. Physiological Effects and Uses.— The calcium 
salts play an important part in the animal economy. The phos- 
phates are found in every tissue and fluid of the body, but most 
abundaut in the bones and teeth; the former containing from 55 
to 59 per cent., and the latter, including the carbonate, 72 per 
cent. As the salts of lime are insoluble in alkaline fluids, various 
theories have been put forward to explain its state In the blood 
and other alkaline fluids. It seems certain that the calcium of blood 
serum does not existaspbospbate, but as some soluble salt, or albu- 
min compound, soluble in alkaline fluids. The calcium phosphate 
of the urine remains in solution as long as that fluid is acid, but 
separates as an amorphous or crystalline sediment as soon as it 
undergoes alkaline fermentation. Alkaline urine is always turbid. 
When taken internally, the calcium salts produce effects similar 
to those of sodium and potassium, but milder. They have a mild 
aatriagent eflect. 

STRONTIUM. 



365, Strontium is rather sparingly found in nature. The 

frincipal minerals are strontianlte (SrCOj) and c«lestite (SrSO,). 
t is a brass-yellow, lustrous metal, which resembles calcium 
in its properties, as also do its compounds. This element ex- 
hibits most of the properties of calcium and barium. Its com- 
pounds impart a red tinge to the flame, and for this reason the 
nitrate is used as a constituent .of red fires. The solubility of its 
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ealidiste BtmdB bc^weeo that of UiealcJum and bariom sulphates. 
It has been ased in medicine as an ailerMive. Its salts are 
voaoas onlj in large quantities. 



BARIUM. 



I 



The element itself is not of interest to the medical student. 

306. Barium Oxide — Baryta (BaU), is obtained by eal- 
raning the nitrate. It isa grari£h-while,caustic powder, fusible 
in the oxyhydrogen flanie. It unites vith water, with the evolu- 
tion of mudi heat, U> form the hydrate BaHiO, ; this dissolved 
in water forms baryta water. 

There is a barium peroxide known (BaO,\ which is decom- 
poeed by dilute acids. wilJi the jimduction of hydrogen peroxide. 

367. Barium Chloride — Barii Chloridnm (U. S.), 
(BaCl, -f 2Aq.l, is prepareil by the action of hydrochloric acid 
upon the native sulphide or carbonate. It \s used as a reagent 
for soluble sulphates, giving a whit« precipitate, insoluble in 
acids or water. 

It ha^ been used in medicine as an alterative and aothelnitntic. 

368. Barium Nitrate (BaXOji forma anhydrous octahedra 
of the regular gyslem, siiluble in water, and use^ as a constituent 
of pale green theatre fires. 

369. Barium Sulphate \ BaSO.), Heavy Spar, or Barite, 
occurs in nature in rhombic prisms and amorphous; sp. 
gr. 46. It is obtained by the action of sulphuric acid upon 
barium salts, as a white amorphous powder, nearly insoluble in 
acids and water. It is used as an adulterant of white paint, 
Paris green, and a variety of other commercial products. 

370. Barium Carbonate (BaCO,) also occurs native as 
witberit«. It precipitates from solutions of barium sails, as a 
white, amorphous powder, when they are acted upon by soluble 
carbonates. 

371. Physiological Effect of Barium Salts. All the 
soluble compounds of barium, as well as those that are converted 
into soluble compounds in the stomach, are poisonous. When- 
ever a poisonous dose has been taken, the patient should take 
some soluble sulphate (as Epsom or Glauber's salt), followed by 
an emetic The symptoms of poisoning are pain in stomach, 
prostration, dilated pupils, loss of voice, sight or hearing, exoessive 
micturition, and other very prominent nervous symptoms. Post- 

inflammation and great friability of stomach, in most 
9, and invariably great inflammation o^ the rectum ar« fimnd; 
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METALS OF THE MAGNESIUM GROUP. 

MagneBium = 24. Zino = 65.2. Cadmium = 112. 

372. These metala form but one oxide, with a corresponding 
basic hydrate, and a series of salts in which the atoms possess a 
quantivalence of two. According to some authorities, the rare 
element beryllium is included in the group. I 

MAGNESIUM. 

373. Occurrence. A metal, found abundantly in nature, 
usually accompanying calcium. 

Dolomite, an isomorphous mixture of calcium and magnesium 
carbonates, forms the so-called magnesium limestone. Asbestos, 
serpentine, meerschaum, talc or soapstone, and hornblende are 
native silicates. Nearly all natural waters contain some of the 
soluble salts of magnesium, which impart hardness to them. 

374. Preparation. It may be obtained either by electro- 
lysis of the chloride, or by heating the same compound with 
sodium. 

In the arts it is prepared by fusing the double chloride of 
eodium and magnesium with metallic sodium. 

MgCI jNaCl + 2Na = SNaCl + Mg. 

It is then purified by distillation in an atmosphere of hydra 
gen. 

375. Properties, — Magnesium is a brilliant white metal, of 
asp. gr. of 1.75; very tenacious and ductile. It fuses at a dull red 
beat, and at a bright red heat it distills. It oxidizes but slightly 
in the air, at ordinar;^ temperatures, but when heated, it hums ^ 
with an intensely brilliant bluish-white light, owing to the incan- 
descence of the non-volatile magnesium oxide. The ilame of ' 
burning magnesium is rich in chemically active or actinic rays; 
hence, it is much employed for photographing in dark caves and 
subterraneous chambers. It combines directly with chlorine, 
sulphur, phosphorus, arsenic and nitrogen. Soluble in dilute 
acids, but not in alkalies. It is slowly oxidized by boiling water. 

376. Magnesium Oxide — Calcined Magnesia — Mag- 
nesia (U, S., Br.X (MgO), is formed by the combustion of the 
metal, or by the ignition of the carbonate, hydrate, or nitrate. It 
'j a very light, white powder, without odor or taste, and has a 

I .feeble alkaline reaction. It is soluble in dilute acids. 
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inoiEtened with water to h paste, it quick); burdena to & compact wU 
solid, of gre»l hardness and durability. If it be mixed with an equal pai^ 
marble dust or cbalk and uoietened, it ma; be moulded into any deai 
shape, and on being placed in water, it "sets'' into an extremely hard 
mass. It has bceo used us a filling for decayed teeth. 

377. Magneaium Hydrate — Hydrated Magnesia 
MgtHO),, is formed from any siiluble uiaguesiutn salt by 
precipitating with Boiiium or potassium hydrate. It ie almost 
insoluble in water and alkalies, but soluble in amrnoniurn salts 
with the formation of double salts. A mixture holding it in 
suspension in water, known as milk of magnesia, is used in 
medicine as a laxative and an antidote for acid poisons. 

378. Magnesium Chloride (MgCI,) exists in small quanti- 
ties in many mineral springs. It may be obtained by dissolving 
the carbonate or oxide in hydrochloric acid, It forma deli- 
quescent crystals with 6 molecules of H,0, isomorphous with 
calcium chloride. The anhydrous chloride is one of the most 
deliquescent substances known. 

379. Magnesium Sulphate — Epsom Salt— Seidlitz 
Salt — Magnesii Sulphas fU. S,) — Magnesias Sulphas 
(Ur.), (MgSO,), is found in solution in sea waters and in many 
mineral springs, especially those belonging to the class of 
bitter waters. 

It is prepared by the action of sulphuric acid upon magnesium 
carbonate. At ordinary tecnperatures it crystallijies with 7 mole- 
cules of HjO, in four-sided, rhombic prisms, very readily soluble in 
water. When heated, it fuses and parts with its water of crys- 
tallization up to 150=0. (302°P.), when it has lost all but one 
molecule; this it finally parts with when heated to 200°G. 
(392°F.) One molecule of water, therefore, is more closely 
combined than the rest. This is known as the Waaler of Con- 
stitution. 

380. Magnesium Phosphates. — These resemble the cal- 
cium phosphates, which they generally accompany in the animal 
body, though usually existing in smaller quantity. Magnesium 
also forms double phosphates, one of wbicli, the Ammonio- 
magnesium phosphate, or triple -phosphate (MgNH^ 
PO, + 6HjO), is precipitated when an excess of an alkaline 
phosphate and of ammonia is added to a solution containing 
magnesium. When the urine becomes ammoniacal from the 
decomposition of urea, this salt is precipitated, aa urine always 
contains alkaline phosphates and magnesium salts. Being practi- 
cally insoluble, especially in the presence of excess of phospbatea— 



and of aiTimooia, it is usually deposited from tlie urine ae a sedi- 
laeut, in the shape of modified right rhombic prisms, which, under 
the microscope, resemble the shape of a coffin lid. This some- 
times takes place in the bladder, and if some body is present that 
will act as a nucleus, the so-called fusible calculus may form. 

331. Magnesium Carbonate — Neutral Carbonate 
(MgCOs'j, occurs in nature as magnesite, and, combined with 
calcium carbonate, as dolomite. On adding an alkaline car- 
bonate to an aqueous solution of a magnesium salt, magnesium 
carbonate is not produced, as most other carbonates would be 
under similar circumstances, but some carbon dioxide escapes, 
and a white precipitate falls, which is a mixture of magnesium 
carbonate and hydrate, or magnesia alba. 

382, T et ram agne slum Carbonate — Magnesia Alba — 
Magnesii Carbonas (U, S.), Magnesiee Carbonas (Br.), 
(3(MgC0,)-MgHA + 3H,0), occurs in commerce in light white 
cubes, composed of an amorphous or partly crystalline powder. 
It is prepared by precipitating a solution of magnesium sulphate 
with one of sodium carbonate. A hot concentrated solution 
should be used, and the liquid boiled after precipitation. This 
compound varies in constitution according to the length of time 
that the boiling has continued, and the presence or absence of 
excess of sodium carbonate. It is very slightly soluble in water, 
but quite soluble in solutions of ammonium chloride. 
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383. Occurrence. The native compounds of the heavy 
metals are termed ores. The most common zinc ores are Smith- 
sonitc (ZnCO,.), Calamine, (Silicate) and Sphalerite or 
Blende (ZnS). These, like most ores, have a high specilic 
gravity, and usually are found in veins in the older crystalline 
rocks. 

384. Preparation. To obtain the metal, one of its ores, 
usually the carbonate or sulphide, is converted into an oxide by 
roasting, heating to a high temperature in the air. This oxide is 
then mixed with carbon and ignited in cylindrical earthenware 
tubes, reducing the oxide thus: 

ZnO + C = Zn + CO. 
The free zinc is then distilled off. 

385. Properties. A bluish-whit« metal 
or granular; its specific gravity 
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ighly crystalline 
.862, if cast; 7.215, if rolled. 



It is brittle at ordinary temperatures and can be pulverized ; at 
lOOX. (212°F.) to 150°C. (302^F.), it ia malleable and ductile, 
and may be rolled into thin sheets. At 200''C. (392^.), it 
again becomes brittle. It fuses at 4I2'C. [;773°F.), and dUtilla 
at lOWC. (IST^T.). In moist air it becomes coated with a thin 
layer of basic carbonate. When heated in the air, it burns with 
a very intense bluish-white light, with the formation of oxide. 
It dissolves readily in dilute acids with evolution of hydrogen. 
Concentrated sulphuric acid does not dissolve zinc. It is soluble 
in sodium, potassium and ammonium hydrates. On account of 
the alight action of the air upon it, zinc meets with extensive 
application in architecture, and for galvanizing or coating iron. 

386. Zinc Oxide— Zinci Oxidum (TJ. S., Br.), (ZnO), may 
be prepared by ieoiting the precipitated basic carbonate, or by 
burning the metal in a current of air. When obtained in the 
former way, it forms a soft, white, tasteless and odorless powder. 
When produced by burning the metal, it occurs as a white, 
voluminous, flocculent mass, formerly called tlores zinci or 
lana philosophies. It neither fuses, volatilizes, nor decom- 
poses by heat, and is insoluble in neutral solvents. It is used in 
the arts as a white pigment, and is not darkened by hydrogen 
sulphide, as white lead is. 

387. Zinc Hydrate (Zn(OH)O is formed, as a white amor- 
phous powder, by precipitating an aqueous solution of a zinc salt, 
by alkalies. It is soluble in alkaline hydrates and in solutions 
of ammonium salts. When heated, it decomposes into zinc oxide 
and water. 

388. Zinc Chloride— Butter of Zinc— Zinci Chloridum 
(U. S., Br.), (ZnCIi), is obtained by heating zinc in a stream 
of chlorine, by dissolving zinc in hydrochloric acid, and by the 
distillation of^ zinc sulphate with calcium chloride. It forms 
a soft white mass, which ia very deliquescent; ia fusible and 
volatile. It is extremely soluble in water, freely so in alcohol. 
The solution has a burning metallic taste, destroying animal and 
vegetable tissues, and possessing strong dehydrating properties. 
It forms a series of double salts. The double chloride of zinc and 
ammonium is sometimes used in soldering, to dissolve metallic 
oxides from the surface of metals to be soldered. 

389. Zinc Sulphate— White Vitriol— Zinci Sulphas 
(U. 8., Br.), (ZnSO.), is formed by dissolving zinc, or its oxide, 
sulphide, or carbonate, in sulphuric acid. At temperatures 
below 30°C. (86°F.), it crvBtallizeswith 7 Aq. ; at30°C, (SB^F), 
with 6 Aq.; between 40°&. (lOi-Fj and 50" (ISa^F), with 5^ 
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At). The moat common salt is that with 7 Aq., whicli occurs 
in rhombic crystals reaentbling magnesium sulphate; and in 
freely soluble in water. It ia used in medicine as an emetic 
and aatringent. 

390. Toxicology. The compounds of ziuc that are soluble 
in the digestive fluids are all irritant poisons. Solutions of the 
chloride (uaed by tinsmiths, in embalming, and as a disinfectant 
in Burnett's fluid,) are also very corrosive. The antidotes are 
alkaline carbonates, soap, albumen and mucilage. Solutions 
containing sodium chloride or organic acids act as solvents 
upon metallic zinc; consequently, symptoms of poisoning, more or 
less marked, are apt to follow eating of acid fruits that have been 
kept in vessels of galvanized iron. On this account, specimens 
intended for analysis in cases of supposed poisoning should 
never be placed in jars closed by zinc caps. 

391. Tests. With alkaline hydrates and carbonates, 
solutions of zinc give a white precipitate, soluble in excess of the 
reagent ; with ammonium sulphydrate or sulphydric acid 
in neutral or alkaline solutions, a white sulphide; with potas- 
sium ferrocyanide, a yellowish -white precipitate, insoluble 
in dilute hydrochloric acid. 

CADMIUM. 



392. Occurrence, Preparation, Properties, etc. — A 

comparatively rare metal, often accompanying zinc in its ores. 
Being mure volatile thaa its associate, it accumulates during the 
first stages of the process of distilling zinc from its ore^. It ia 
a soft, white, tenacious metal, of specific gravity 8.6. It altera 
but little in the air at ordinary temperatures. Heated, it burns 
with formation of the oxide as a brown smoke. It dissolves 
with difficulty in sulphuric and hydrochloric acids, but readily 
in nitric acid. 

393, Cadmium Compounds. — These are not very numer- 
ous or important. As the element ia bivalent, they all have the 
general formula, CdR,. The principal ones are t cadmium 
hydrate (CdCOH)j^, cadmium oxide (CdO), cadmium chloride 
(CdCl,), cadmium iodide (Cdl,), cadmium sulphate CCdSO,) and 
oadmium sulphide (CdS). The latter ia found native 
mineral Green uc kite. 
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IBOEOANIC CHEMWTSy. 

IRON GROUP. 
Oliromium = 62.4. Manganese = M.S. Iron ^™ 

394. The elements of tLia group form two series of compounds, 
due to a peculiar variation of the quautivaJence. In one wrief, 
a single atom enters into combinaLioDs as a dyad, ae in Fe"Cli ; 
in the other, two atoms combine to form a hesad group, as In 
(Pe;)"ClB. In this hexad condition they form acid radicals with 
oxygen, and form chromates, manganates and ferrates. 

CHROMIUM. 

Cr = 62.1. 

395. Occurrence, Preparation and Properties. — This 

metal most commonly occurs in chromite, or chrome iron ore, a 
ferroso-chromic oxide ; also, rarely, as lead chroraate. It may be 
isolated with difficulty from its oxide by reducing with char- 
coal; or from the chloride by reducing with zinc. It is a hanl, 
glistening, steel-gray metal, magnetic at low temperatures ; sp. 
gr. 6.8; oxidizes only at a red heat, and is soluble in hydro- 
chloric acid and strong alkalies. 

396. Chromic Anhydride— Chromic Trioxide (Cr-X),). 
— This is sometimes improperly called chromic acid. It 
is prepared by adding one and one-half parts strong sulphuric 
acid to one part of concentrated solution of potassium dichrom- 
ate. When the solution cools, splendid saffron -colored needles 
of the trioxide crystallize out, which may be dried on a porous 
tile. It is a powerful oxidant, igniting alcohol if the latter be 
poured upon it. It is used in medicine as a caustic, forming a 
superficial eschar. 

397. Chromic Oxide — Chromium Sesquioxide — Green 
Oxide (Crj'Oa), is obtained by calcining a mixture of starch and 
potaseium dicbroniate. Thus prepared it -is a green- powder, 
insoluble in water, acids or alkalies, and fusible with difficulty. 
_When flised with alkaline hydrates or nitrates, it forms chromates 

of these metals. 

This oxide may play either a positive or negative idle, depend- 
ing upon the oxide with which it unites. For example, with the 
strongly negative sulphuric oxide, it forms chromium sulphate 
(Cr5(SUi)3) ; while with calcium or magnesium oxide, calcium or 
magnesium chromites (CaCrjOi or MgCrjO,) are obtained. The 
best known of these compounds is (FeCr,0,) ferrous chromite, o 
native chrome iron. 
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398. Chromous Oxide (Cr"0).— This exists only as a 
hydrate, produced by precipitating chromous chioritle by potas- 
sium hydrate. It acta as a basic oxide, yielding chromous salts. 

399. Chromic Acid (H,CrO,).— This cannot be isolated, 
but by solutioD of chromium trioxide in water, an acid liquid is 
obtained containing chromic acid. This acid decomposes on 
evaporation. 

The best known of the salts of this acid are potassium chrom- 
ateand dichromate (K,CrO. and K,Cr,0,). The last of these 

foasesses the properties of the trioside, but in a milder degree. 
t is sometimes used ae an escharotic, but much more frequently 
as an oxidizing agent, mised with sulphuric acid. None of the 
other preparations of chromium are used in medicine. Inter- 
nally, m large doses, it acts as an irritant poison. Antidotes — 
mild alkalies, demulcents. A form of chronic poisoning some- 
times affects workmen who handle it. 

400. Chlorides.— Two chlorides are known: Chromous 
Chloride (CrClO, a white, crystalline solid, dissolving in water 
to form a blue solution ; and chromic chloride (CrjCIfi), occur- 
ring in large red crvstaJs, insoluble in water, unless a trace of the j 
chromous chloride he present, when it dissolves readily. If it be 
subjected to a prolonged boiling, it finally dissolves, forming a 
green solution containing a hydrate. An oxychloride is also | 
known. 

401. Chromic Sulphate (Cr,(S0,)3) is obtained by dis- 
solving chromic oxide in sulphuric acid; upon slowly evaporat- 
ing, it crystallizes with twelve molecules of water. 

Chromium salts form two series, the one green and- the other j 
violet. The alkaline hydrates throw down a bluish-green hydrate 
from the green salts, and a violet from the violet. 

Chromium sulphate exists as a violet crystalline solid, i 
as a green amorphous solid. With the alkaline sulphates, 
chromium sulphate forms double salts—the chromium alums. 
(See Alums.) ! 

402. Potassium Chromate (KjCrO,) is obtained by 
adding a solution of potassium hydrate to one of potassium 
dichromate. It forms large, yellow, rhombic crystals, isomor- 
phous with potassium sulphate (KjSO,). 

403. Potassium Dichromate (KiCrjO,), commercially 
known as the red chromate of potash and often called the 
acid potassium chromate, is obtained by igniting pulverized 
chromite (CrjOjFeO) with potassium carbonate and nitrate, 
forming potassium chromate and ferric oxide. The potassium ^^J 



ehromate is dissolved out with water and nitric or acetic aoi<) 
added t» the solution, from which jiDtasaium bichromate crystal- 
lizes. It forms large, red prisms, soluble at ordiuary tempera- 
tures in ten parts of water. WheD il is warmed with sulphurio 
acid, uxvgen eecapeg, aad chromic acid and potaaaium chrome 
alum are produced. Thie mixture is employed in laboratariee 
for ocidlzing purposes. 

4(14. Toxicology. — The chroma tes, especially potass! nra 
dichromate. are irritant poisons. They are also liable to prif 
duoe a form of chronic poisoning in workmen handling them. 
characterized by ulceration j)f the septum of the nose, and of the 
akin. The most prominent Fvmptom^ in acute poisonini; are 
vomiting, epigastric pain, eram[H, eseesaive thirst and collapfe. 
The treatment consists in the use of emetica, followed by mag- 
nesium carbonate in lailk- 

MANGANESE. 

405. Occurrence. Manganese ie found widely distribnt«d 
in nature. It ficcurs native in meteorites. Il.= most commoij 
ores are pyrolusitc (Mn0..i,hausinanitc (MuiO.i, braanite 
fMa^jl. manganite (Mn.O,H,0), and rhodochrosite 
{MnUO^i. 

40G. Preparation and Properties. It is obtained in the 
tiitftaitic ciiudititm bv heating its usidee with charcoal, similar U* 
tbenuielting of iron. A grayish -white, brittle metal, very hard, 
and fiiitiitg with great difficulty : sp. gr. 7.2. Like the elements 
ifuu and chrumium, it forms three series of compounds; tilt 
niaugMUOUs iMuK-j), manganic iMu,K, i, and the derivatives of 
niaii^nic ucid, called manganates. 

407. Manganous Compounds. In these the metal is di»- 
tomic. ^''hexe derivatives are the most stable and constitute 
the most oommon of the manganese salts. They resemble the 
OUB Balls of iron and chromium, with which they are isomor- 
phuu:^. Manganous oxide iMnO) results from ignition of 
the carbonate with exclusion of lur. It is agreeniah.amorphnas 

eiwder, readily oxidizing in the air to Mn:£>,. Manganous 
ydrate (MbiOH,!:,) is formed by adding alkaline hydrates to 
mangauuUB Holutions, as a reildish -white precipitate, which, ei' 
uuwid to the air, osidizee to manganic hydrate, and turns brown 
in eoior. 

4I1K. Manganous Salts. — Manganous Chloride iMnOlj 
ooaur« in rose-colored tabular crystals, which decomixiee on 



21 il 

dryiog, with separation of hydrochloric acii]. Manganous. 1 
Sulphate [MnSO,} crystallizea at ordinary temperaturea with | 
5H]0. With the alkaline sulphates it forms double salts; e.g., | 
MnSO,.K^Oj + 5HA Manganous Carbonate (MnCO,) ) 
ia precipitated from manganous solutions by allcaliue carbonates 
as a white powder, turning brown on expimure. Manganous 
Sulphide (MnS) occurs in nature as alabaadite, or manganese 
blende, and is precipitated from manganous sDlutions by alkaline 
sulphides as a flesh-colored hydrate CMnS + H,0). In the air 
it also becomes brown. 

409. Manganic Compounds.^These are iaomorphous with, 
and very closely resemble the terric, chromic and aluminic 
compounds. They are not so stable, however, being easily re- 
duced to the manganous state. In them manganese is a tetrad. 

410. Manganese Dioxide — Manganic Peroxide — 
Black Oxide of Manganese (MnO,), occurs native as the 
mineral pyrolusite, the principal ore of manganese, in steel- 
gray or brownish, imperfectly crystallized masses. 

When gently heated, it yields oxygen ; at a red heat, it yields 
more oxygen and forms manga nous-manganic oxide. 

3MnOi = MdsO, + 20. 
It gives off oxygen when heated with sulphuric acid, and forma 
manganous sulphate. With hydrochloric acid, it yields mangan- 
ous chloride, water and chlorine. 

MnOs + 4HCI = MnCl, + 2HjO + Clj. 
In cold hydrochloric acid,, it dissolves without setting chlorine 
free, ae MnCI, Is probably formed, which, upon heating, breaks 
up into MnCt, and Clj. I-rom this it would appear that, in the 
dioxide, manganese is a tetrad. 

Manganic Oxide (MujO,) is a black powder, produced by 
igniting the manganese oxides in a current of oxygen. 

Manganic Hydrate (MnjOHs) is precipitated from man- 
ganic solutions by ammonium hydrate as a flesh-colored precipi- 
tate, rapidly turning brown. 

Manganous -manganic Oxide (Mnad ^ MnO,MnjOi). 
— This is formed by the ignition of all the oxides in the air; it 
is iaomorphous with Magnetite (FejO,). 

Manganic Sulphate (Mnj(S0,}3) is produced by the action 
of sulphuric acid upon maiifranic hydrate. 

411. Manganates and Permanganates. — The derivatives 
^of raangauic acid (H^MnO, — MnO,(OH)j) arc analogous to 
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those of ferric (H,FeO0, chromic (HiCrO,), and sulphuric acid 
SH.,SO,). In these derivatives, manganese is a hexad. The 
manganates are of litlle permanency and tittle used. 

Potassium Manganate (K,MnO,) is a rare substance, 
isomorphous with potassium sulphate .or chromate, and is very 
readily converted into polassium perinaneanate. 

412. Potassium Permanganate (kMnO,) is precipitated 
from solutions of potassium manganate by acids, in dark-red, 
rhombic prisms, isomorphous with potassium chlorate. This salt 
has active oxidizing properties, and is very largely used for 
oxidizing and destroying organic substances. It also converts 
ferrous into ferric salts, and is used fur the quantitative estima- 
tion of ferrous salts. 



IRON. 
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413. Occurrence.— This metal, which is of so great practii 
importance, is distributed very widdy in nature. It occurs 
native upon the earth's surface only as meteorites. 

The ores from which iron is obtained are numerous ; the most 
important are: magnetite (Fe,0,), heematite (i'ciOa), limo- 
nite (ferric hydrate) and sideritc [FeCOj,). These are almost 
the only ores used for the manufacture of iron ; the sulphur ores 
are not adapted for this purpose. 

414. Preparation. — In some cases the ore is first roastei^, to 
get rid of water, carbon dioxide, sulphur, etc. The next step 
consists In the extraction of the iron from the ores, in which it exista 
as oxide ; this is accomplished by reduction with carbon, at a 
glowing heat. This reduction is effected in a blast furnace, 
of which the interior has the shape of a double cone. It is about 
fifty or sixty feet high by fifteen feet wide at its widest part, is 
built of the most infusible fire brick, and inclosed in solid 
masonry. It is filled at the top with alternate layers of coal, 
broken ore (either native or previously roasted), and fluxes 
in the form of limestone or silicates. These fluxes facilitate 
the melting together of the reduced iron, and furnish a liquid 
slag. The air necessary for combustion, usually heated to 
a high temperature beforehand, is forced into the bottom of 
the furnace, through pipes, by blowers or fans. The metal ia 
drawn off at the bottom. In the lower part of the furnace, carbon 
dioxide is produced from the oxygen of the air and the coal; 
and higher up, carbon monoxide is produced, which acts upon 

Lthe oxide of iron, reducing it to the metallic state. As the reduos^^J 



iron eink?, it comes into contact with the coal, taki 
quantity of carbon, and forms cast-iron, which, on furthi 
iug, fuses, and is drawn off into moulds 
pig iron. The earthy impurities of thi 
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furnace unite with the fluxes, fuse in the intense heat, 
drawn off as slag. The pig iron is then subjected to the 
puddling process, by which it is more completely freed from 
carbon and slag, and wrought iron resufts. This process 
is usually carried on in reverberatory furnaces with a free 
supply of air, while the molten mass is being thoroughly stirred. 
The greater part of the carbon is in this way burned into 
carbon monoxide, and the silicon, sulphur and phosphorus 
oxidized. Steel was formerly prepared from wrought iron 
only, by cementation, or heating wrought Iron in boxes packed 
in leather shavings or with charcoal. At present it is chiefly 
prepared directly from cast or pig iron by the method in- 
vented by Bessemer in 1850, This process consists in blowing 
air, under high pre^ure, hito a mass of molten cast-iron, until 
the carbon has been consumed, when spiegeleisen, coDtaining 

known quantity of carbon, is added, to give the proper 

lount of carl>on. Pure iron is obtained by heating ferric 
oxide in a current of hydrogen ; this is the ferrum redactum 
(U. 8., Br.). 

415. Properties.^ — Pure iron is soft, fuses at about 1600°C. 

912°F.), and has a specific gravity of 7.25 to 7.9. Iron is not 
i«ffbcted by dry air at ordinary temperatures; in moist air, it 
covers itself with a thin layer of ferric hydrate, known as rust. 
Heated strongly in the air, it becomes coated with a layer of 
ferrous-ferric oxide (FejOi), which is readily loosened, forming 
the blacksmith's scales; at a red heat, it decomposes water, 
with the formation of ferrous-ferric oxide, and the liberation of 
hydrogen. 

8Pe + 4HjO = FejO, + 4H,. 
In oxygen it burns with an intense, scintillating light, If 
brought into contact with a magnet, iron becomes magnetic. 
Tempered steel is the only form, however, that retains the 
magnetism. 

Iron unites directly with chlorine, bromine, iodine, sulphur, and 
the members of the phosphorus group, except nitrogen. It 
dissolves readily in hydrochloric and sulphuric acids, with evo- 
lution of hydrogen. In dilute nitric acid, it dissolves with 
separation of nitric oxide. Concentrated nitric acid, however, 
renders it passive, when it is no longer attacked by the diluf 
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ftr;iil. until ttio passive condition is destroyed by contACt wHfa 
nilvisT, iilatiiium or copper, or by heating to 40" C. (104" F.). 

410. Ferrous Compounds. — These are formed by dia- 
MilviliK iron in un itdd, or by the reduction of ferric ^ta. 

Kc,Cl i Zn -^ (FeCI,), + ZnCl,. 
They arti UHiinlly of a green color in the hydrous state ; exposed 
U) tliu itir, they oxidize to ferric salts. 

2FeO + = FejOj. 

417. Ferrous Chloride (.FeCl,) is formed when iroa i^ 
diiiMilvttd in hydrochloric acid. It crystallizes in green, mono- 
cllulc prjiimx, coiitniniiig four molecules of water. Exposed to 
thit nir, thtiy delii|UeHce and oxidize, forming ferric chloride and 
Hii ijxychloriilo. The anhydrous chloride is formed by pacing 
hydrochloric lund gas over iron that is beatetl to redness, asa 
vulittilii, vt-llowish-white, very soluble solid. 

4IM. Ferrous Iodide— Fcrri lodidum (Br.), ( Fel,), is 
iibtniiiiwi ill NoKilion by adding un excess of iron to iodine sus- 
|Kii)il«(l III warm water until the solution is pale green. 

411). Ferrous Oxide (FeO) is a black powder, produced by 
tlw rr-dii'itiijii of ferric oxide by carbon. It easily oxidizes again. 

Ferrous Hydrate (Fe(OH),) is precipitated from ferrous 
uiiliiliiiiiii ljy rtlkiili hydrates as a white powder. It also oxidizes 
ri'li'llly, liitcoitiing grenii, and then brown. 

4'Ji), Ferrous Sulphate — Protosulphate of Iron— 
Oreen Vitriol — Copperas —Ferri Sulphas (U. S., Br.), 
( VaHt i,l\l,i J J, In obtainod pure by dissolving iron in dilute sulphu- 
rlii m'iil. l''iir coniniorciul use it is obtained from pyrites (FeS,) 
by onldiitliin, nnd as K by-product in other processes. It forms 
ii[i|ji|iii< rhoiiiliio prlftma. At a red heat, it decomposes into ferric 
onldti, mid nulphur di- and trioxides. On this property is based 
tha production of fuming, or Nordhausen sulphuric acid. 

Urnnn vitriol hiiN an extended use in the arts. Among other 
UMM, It U uinploycd in the manufacture of ink, and as amordaunt 
III dyulng. 

Am monio- ferrous Sulphate (Fe(NH,),.CS0.),.6H,0) is 
uUd kimwii. Il is mure stable than ferrous aulphate. 

4'2!. Ferrous Carbonate (FeCOa) exists in the mineral, 
siderite. It may be obtained by adding sodium carbonate to 
ferrous solutions. It is readily oxidized to ferrous hydrate on 
exposure to the air; is insoluble in pure water, but soluble in 
water containing carbon dioxide, and is, therefore, present in 
many natural waters. 
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The ferri carbonas saccharatum ia ferrous carbonate to 
which augar has been added to prevent decompositioD, and ia 
prepared by mixing solutions of ferrous sulphate and sodium 
bicarbonate and adding sugar ; the mixture ia then evaporated 
to dryness. It is a greenish-gray powder. 

422. Ferrous Phos p h ate ^Tri ferrous Phosphate (Fe, 
(PO,)j), is a white precipitate formed by adding sodium 
phosphate to a solution of a ferrous salt. It turns blue on 
exposure to the air, a part being converted into ferric phos- 
phate. The ferri phosphas (U. S., Br.) is a mixture of 
these two salts. It is insoluble in water; slightly soluble in 
water containing carbonic dioxide or acetic acid. A soluble 
or acid phosphate exists in the shops. A phosphate of iron, 
that turns blue on exposure to the air, exists in the lungs, 
phthisis, in bones which have been buried for some time, and 
occasionally in pus. 

423. Ferrous Sulphide— Pro tosulphidc (FeS), may be 
obtained, first, by fusing a mixture of sulphur apd iron filings 
at ordinary temperatures, although the union will often occur ■ 
slowly ; second, by precipiCatioa of a ferrous salt with alkaline 
sulphides. The first method forms brownish, brittle, fusible 
masses ; the latter yields a black powder. Ferrous sulphide 

IB not decomposed by heat, but is decomposed by sulphuric 
acid, with formattou of ferrous sulphate and hydrogen sulphide. 
It occurs in the fieces of persons taking chalybeate waters and 
preparations of iron. 

424. Ferrous Lactate— Ferri Lactas (TJ-S.), (Fe(C,HsO,,), 
is obtained by dissolving iron filings in lactic acid. It forms light 
yellow crystals, soluble in water, insoluble in cold alcohol. 

425. Ferrous Oxalate— Ferri Oxalas (U. S.), {Fe((XO,), 
is made by dissolving iron in a solution of oxalic acid. A bright 
yellow, crystalline powder, slightly soluble in hot water. 

426. Ferrous Tartrate (FeC.H.O.) is formed by dissolving 
iron in a hot, strong solution of tartaric acid. 

427. Ferric Compounds — Ferric Oxide — Sesquioxide 
of Iron (FciOj), exists in nature as hfematite, and may be 
formed by heating the oxygen compounds of iron in the air. 
On a large scale, it is obtained by distilling ferrous atilphate, 
which first turns white, from loss of water; then yellow, owing 
to the formation of an oxyhydrate, and finally to a brick-red, 
ferric oxide. It is used as a polishing material, under the names 
of colcothar, red crocus, jew/elers' rouge, caput mor- 

, tuum, or Venetian red. 
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Ferrous- Ferric Oxide (Fe,0, ^ FeOFcO.) occun native 
aa magnetite. It may be obtained by coniiucting steam over 
ignited iron. It constitutes the natural magneis. 

428. Ferric Hydrate — Ferri Oxidum Hydratum 
(€. S., Br.), (^FciOH),), ia a voluminous, reddish-brown, geta- 
tiuous mass, precipitated by alkaline hydrates from ferric solu- 
tions. When driedat 1(H)°C. (212°F.), it loses 2H,0. Freshly 
precipitated ferric hydrate is soluble in a solution of ferric chlo- 
ride or acetate, and if such a solution is dialysed, the iron salt 
diffuses, leaving the pure ferric hydrate on the dialyser. The 
dialysed iron so obtained is coagulated by heat, aclcls or alka- 
lies, into a jelly-like mass. It is a good antidote in arsenic 
poisoning. 

429. Ferric Chloride — Sesquichloride of Iron — Per- 
chloride of Iron— Ferri Chloridum (U-B.), (F,C],\ may be 
obtained anhydrous in volatile, deliquescent plattis by heating iron 
ID chlorine gas. It may be formed in solution by dissolving iron 
in hydrochloric acid and adding a little chlorine nater or nitric 
acid ; or by dissolving the oxide or hydrate in hydrochloric add ; 
or by the action of chlorine on a solution of ferrous chloride. To 
obtain the solid, it is only necessary to evaporate and crystallize. 

It ia prepared in pharmacy by the last method. It forme 
yellow, crystalline masses or rhombic plates, readily soluble in 
water, alcohol or ether. 

The Liq. ferri chloridi (U. S.X or Liq. ferri perchloridi 
(lir.), is nn aijueous solution containing an excess of acid. 

The U. 8. P. preparation contains 37.8 per cent, of ferric 
chloride. 

The Tinct. ferri chloridi (U. S,) is the same, diluted with 
Rlcohiil, and contains also ethyl chloride and ferrous chloride, 

4m Ferric Sulphate (Fe,(.SO.),) is obtained by dissolving 
tlio oxiiie in Bulphuric acid. It remains, after evaporating the 
wihillon. nit a white maae, which dissolves readily in water, tbrm- 
lit|{ tlio Liquor ferri tersulphatia (U, 8.)- This solution is 
U (livrk, redd iiih- brown lifjuid, having an acid, styptic taste. 
AiidLIiit Niilpliiite, which is basic, is formed by treating ferrous 
■iilphnte, 77 partji, with nitric acid, and evaporating, alter add- 
inu 7 parU ■i]l|>]juric acid. 

Thii, ill ■olution. is tuc Liq. ferri subsulphatis, or Mon- 
«el's ■olution. 

4;il, Ferric Alum — Ammonio-ferric Alum— Ferri et 
AmmonlB Sulphan: lI,H,l'.).(NH,),Fe,(S0j,.2JH,0), is pre- 
pared hy adding a Nolution of ammonium sulphate to a solution of 
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ferric sulphate, ami evaporating down and allowing it to cryetal- 
lize. The crystals are colorless or pale amethyst, regular 
octahedra, soluble in 3 parts of water at 15°C. (59°F.). The. 
solution has an acid reaction and an astringent taste, but not so 
aatringent as ferric sulphate. It gives the reactions for ferric 
iron, ammonia and sulphates. It is employed in medicine as an 
astringent, both internally and locally. 

432. Ferric Nitrate (Fei(NO,\) is formed, together with , 
ftrrous nitrate, by dissolving iron in nitric acid. The Liq. ferri 
nitratia (U. 8.), or Liq. ferri pernitratis (Br.), is an aqueous 
solution of ferric nitrate. It crystallizes in rhomljic prisma with 
18H,0, or in cubes with 12HjO. 

433. Scale Compounds of Iron. — These are certain salts 
of iron, mostly with organic acids, which do not crystallizB 
readily, but are put into the market in the form of thin scale-s. 
They are prepared by evaporating their solution to a thick, 
syrupy consistence, spreading upon glass plates, drying, and then 
detaching the thin scales from the glass. They are all used in 
medicine. 

Ferri Citras (U. S.) — citrate of iron — ia prepared by the 
action of citric acid upon soluble salts of iron, usually the sul- 
phate. After its aqueous solution has been evaporated upon 
glass, it forms beautiful, thin, transparent scales, of a garnet-red 
color," slowly soluble in cold, but freely in hot water, and posaeas- 
ing a mild, chalybeate taste, 

Ferri et Ammonise Citras (U. S., Br.) — citrate of iron 
and ammonia — is formed by treating a solution of citrate of iron 
with ammonium hydrate, and evaporating at a temperature that 
should not exceed SS^C. (100.4°F.). 

It also forms garnet-red scales, which are readily and wholly 
soluble in water, forming a solutiou that is neutral to litmus 
paper and slightly styptic in taste. 

Ferri et Ammonise Tartras (U. S.) — tartrate of iron and 
ammonia — a double aalt, ia formed by the action of tartaric acid 
upon ferric and aramonic hydrates. 'Upon evaporation of its 
solution, garnet-red scales remain, which are alowly soluble in 
water. Their solution ia neutral to teat paper, and is of a 
sweetish, rather pleasant taste. 

Ferri et Potassec Tartras (U. S.) — Ferrum Tartaratum 

Sr.) — potassio-tartrate of iron — may be obtained by dissolving 
ric hydrate in a solution of acid tartrate of potassium, and 
evaporating on glass. It forms ruby-red plates, having about 
■ the same properties as the ammonio-tartrate. 
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Ferri et Quinise Citras {U. 8., Br.") — citrate of iron and 

Suinine — coataias citric acid, ferric hydrate and qitinia citrate. 
t forma transparent scales of a greenish tint, slowly soluble in 
cold water, but freely in hot water, forming bitter, slightly 
styptic Rolutions. 

Felri et Strychnise Citras closely resembles the citrate of 
iron and ammonia in appearance, but has a bitter taste, and gives 
a white precipitate with ammonium hydrate. It is prepared by 
adding a Holutioo of strychnine citrate to a solution of ferric 
citrate, evaporating on a water bath to a syrup, and drying on 
glass. 

Ferri Phosphas (U. S., Br.), (Fe,{PO.)0.— Phosphate of 
iron occurs as the result of a double decomposition between 
ferric sulphate and sodium phosphate. It forms a bright, slate- 
colored powder, Insoluble in water, but soluble in acids. 

Ferri Pyrophosphas (U. 8.), CFe.(PAW-— Pyophoaphat* 
of iron is formed by adding a solution of sodium pyrophosphate to 
a solution of a ferric salt. It does not crystallize, but forms 
scales upon evaporatlag its solution. These are thin, apple- 
green in color, turn dark on exposure to the air, and are soluble 
in water, but not in alcohol. A.minonium hydrate produces no 
precipitate in itssolutions, bittsodium hydrate does. The offieiual 
salt contains 48 per cent, of anhydrous ferric pyrophosphate. 

NICKEL GROUP. 

Nickel r^ 59. Cobalt = 59. 

434, These elements are often included with the members 

group, to which they bear a certain resembli 



the 



but 



_ -oup, to 
from which they differ in not forming, so far as is kno\ 

founds similar to the ferrates, chromates or manganates. 
'urthermore, no compounds of nickel or cobalt analogous to the 



salts of chromic or n 



die acids are known. 



NICKEL. 
435. Occurrence, Preparation and Properties. — This 

metal is found native in meteorites. Its most common ores are 
Niccolitc (Ni5As,)and Gersdorffite (NiS,)iAs,). These ores 
of nickel, however, usually also contain cobalt, and the cobalt- 
ous ores are commonly nickel bearing also. The separation of 
nickel from its ores is a very complicated process, and for an 
account of it, the reader is referred to works on metallurgy. It 
may be prepared chemically pure by igniting its oxalate or car- 
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boiiate in a stream of hydrogen. This metal is silver white, 
tenacious and very lustrous ; sp. gr. 9.1. It is attracted by the 
masnet. It does not alter ia the air, but dissolves in the minentl 
acids, especially nitric. 

436. Compounds. — The following are the most common of 
the nickel compounds ; they are all ous compounds, having the 
general form NIR,, and all possess a green color : nickelous 
hydrate (Ni(OH),), nickelous chloride (NiCi, + 6H,0), 
nickelous cyanide CNi{CN)i), nickelous sulphate (NiSO, 
+ 7H,0) and nickelous sulphide (NiS). Nickelic oxide 
(Ni,Oj) and hydrate (Ni,(OH)e) exist, and are similar to the 
corresponding cobalt compounds. Nickel is used largely in 
certain alloys and for electro -plating. 

COBALT. 

00=^59. 

437. Occurrence, Preparation, Properties, etc. — ^Smalt- 

itc (CoAs.j) and cobaltite (CoAa,, CoSj) are the most commonly 
occurring native ores of cobalt. It is prepared in the same 
manner as nickel. It is a reddish-white metal, tenacious, and 
fusible with great difliculty ; 8p. gr, 8.9. Its other properties are 
very similar to those of nickel. 

438. Cobalt Compounds are also chiefly ous, correspond- 
ing to the general form Co R,. Those containing water have a 
reddish color ; the anhydrous compounds are blue. 

The cobaltous compounds are, cobaltous chloride (CoCl,"), 
cobaltous hydrate (Co(HO>,), cobaltous sulphate (CoSO, 
-I- 7H,0), cobaltous nitrate CCo(NO05 + 6H5O), and cobalt- 
ous sulphide (C08}. 

The cobaltic compounds are, cobaltic oxide (Co,Oj), and 
cobaltous-cobaltic oxide (CojO, = Co,OjCoO). The latter 
correaponda to magnetite (FciOj). 

LEAD GROUP. 
Lead, Pb ~ 207. 

439. Occurrence.— The most abundant ore found native 
is Galena, or Galenite (PbS). Other ores are Cerussite 
fPhCO:,), Crocoisite fPbCrOO, Wulfenitc (PbMoO.) and 
pyromasphite fPb,(PO.),). 

Preparation. — For this purpose galenite is almost 



exclusively employed. The ore is first roasted in the air, by ^^J 
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which a portion of the lead sulphide ia converted i 
and another part into eulpbate. 



k 



PI1S+ 30 =PbO + SOj 
and PbS + 40 = PbS0.. 

These two products are then strongly heated in a reverberatory 
furnace, when they react as follows; — 

2PbO + PbS = aPb + SO, 
and PbSO, + PbS = 2Pb + 2S0, 

If the galena contain much silver, this is separated by crystal- 
lization and cupellalion. 

441. Properties. — Lead is a bluiah-white metal, brilliant 
upon freshly cut Kurfaces, but soon tarnisheB. It ia soft and 

f liable, hut not very malleable or ductile; specific gravity 11.37. 
t fuses at 334° C. (633° F.). If melted, it does not, on cooling, 
return to its original volume. It is a poor conductor of elec- 
tricity, but a better conductor of heat. 

When exposed to the air, it oxidizes slightly. It is not acted 
upon bj^ pure water deprived of air, but, by the contact of air and 
water, it oxidizes to the hydrate (Pb(OH),), which dissolves 
slightly in water. If the water contains carbon dioxide, carbon- 
ates or sulphates, very little lead goes into solution, but it ia 
coated with an insoluble layer of lead carbonate or sulphate. 
(If carbon dioxide be in excess, as in soda water, the carbonate 
formed is somewhat soluble in the water). 

The solvent action of water upon lead is increased, however, 
by the presence of nitrates and nitrites. These facia are of great 
practical importance, as lead pipes are very frequently employed 
for conducting water. 

Sulphuric and hydrochloric acids have but little effect on lead, 
especially if cold, owing to the insolubility of its sulphate and 
chloride. Nitric acid dissolves it readily. Zinc, tin and iron 
precipitate this metal from its solution. 

There are several useful alloys of lead. Alloyed with an 
equal part of tin, it fuses at 186° C. (366.8° F.) and is used 
for soldering (soft solder). Type-metal is an alloy of four or 
five parts of lead and one of antimony ; the proportions vary 
considerably. 

442. Lead Oxide — Protoxide — Massicot — Litharge — 
Plumbi Oxidum (U. S., Br.), (PbO), is prepared by heating 
lead, its carbonate or nitrate, in the air. If it fuses, it consti- 
tutes litharge ; if not, massicot. The former is a reddish- 
yellow or brown mass of rhombic scales ; the latter ia a jelloWr 
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amorphous powder, differing from litharge in color and texture, 
but not in composition. 

Lead oxide has strong basic properties. It absorbs carbon 
dioxide from the air and imparts au alkaline reaction to water, 
in which it dissolves as hydrate. Like other strong bases, it 
saponifies fats and forms lead soaps, as lead plaster. It dis- 
solves readily in nitric or hot acetic acid, with formation of 
nitrate or acetate of lead. It fuses at a red heat. If fused 
in earthen crucibles, it forms a silicate, and thus perforates the 
crucible. When heated to 300= C. (572° F.) in contact with 
air, it is oxidized to minium, or a, bright red powder (red lead). 

443. Plumboso- plumbic Oxide — Minium — Red Lead 
(PbjOO, or (2PbO.PbO,), is prepared as already stated, by roast- 
iog litharge at a temperature of 300° C. (572° F.), and is used 
as a pigment and in the manufacture of glass, lis composition 
is probably expressed by the formula PbjO,; or, as one molecule 
of the dioxide combined with two of the monoxide ; or, as the 
lead salt of plumbic acid. 

It is a brilliant red powder, of specific gravity 8.62. When 
strongly heated, or subjected to the action of reducing agents, it 
is converted into litharge. Nitric acid dissolves the monoxide, 
leaving the dioxide, and changing its color to brown. 

As occurring in commerce, it is frequently contaminated with 
oxides of iron or brickdust. It should dissolve in dilute nitric 
acid to which a little sugar has been added. 

444. Lead Dioxide — Peroxide of Lead — Puce Oxide 
of Lead — Binoxide of Lead^Plumbic Anhydride — may 
be prepared by dissolving the monoxide out of minium with 
dilute nitric acid, or by the action of chlorine upon lead carboQ' 
ate suspended in water. 

It is a dark, reddish-brown powder, insoluble in water ; 
specific gravity 8.903 to 9.190. Heat drives off half its oxygen, 
converting it into monoxide. It is a valuable oxidizing agent. 

445. Plumbic Acid is formed as crystalline plates at the 
positive electrode when alkaline solutions of the lead salts are 
subjected to electrolysis. 

With the alkaline hydrates, lead dioxide dissolves to form 
well defined but unstable plumbates. Potassium plumbate 
may be obtained in cubic crystals by dissolving the hydrate in 

Eotassium hydrate, and cooling the solution. It is decomposed 
y water. 

446. Lead Chloride (PbClj) separates as a white precipitate 
when hydrochloric acid ii added to a solution of a lead salt. It 
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is nearly insoluble in cold water, but dissolves iu thirty part^ 
of hot water, from which solution it crystallizes on cooiiog, 
in white, Ehining needles. At a. red heat, it fusee to a born-like 
mass. 

447. Lead Iodide— Plumbi lodidum (U. S., Br.), (Pbl,), 
is precijiitatetl from lead solutions by potassium iodide, aa a 
bright yellow, crystalliue powder. It is practically insoluble 
in cold water, but more soluble in boiling waiter, from which it 
crystallizes on cooling, in beautiful, gold-colored, glistening 
crystals. Exposed to light and moisture, it decomposes, with 
liberation of iodine. 

448. Lead Nitrate— Neutral Lead Nitrate— Plumbi 
Nitras (U. S., Br.), (Pb(.NO,),), is obtained by dissolving lead 
or its oxides in excess of nitric acid. It forms auhydrous, octa- 
hedral crystals, soluble in 1.98 parts of water at n.a°C. 
(63.5^.), and in 0.7 parts at lOCC. (2r2°F.). At a red heat.it 
melts and is decomposed into PbO,N0i and oxygen, and at a 
higher temperature, into PbO. 

449. Lead Sulphate (PbSO.) occurs in the mineral 
Anglesite in rhombic crystals, isomorphous with barium sul- 
phate. It is produced by the double decomposition between a 
sulphate and a soluble lead salt. It is insoluble in water, hut 
readily soluble in concentrated sulphuric acid. The commercial 
acid always contains it. 

4.^0. Lead Carbonate— Plumbi Carbonas (U. S., Br.). 
(PbCOa), occurs as Cerussite. It may be produced by doable 
decomposition between a lead salt and a carbonate, or by passing 
carbon dioxide through a solution of a lead salt. 'White lead 
is usually prepared commercially by treating thin sheets of lead 
with acetic acid and then exposing the acetate to carbon dioxide. 
The lead, rolled into sheets, is placed in earthen jars containing 
a small quantity of vinegar at the bottom, but not in contact 
with the lead. Great numbers of the jars after being thus 
charged are buried in stable manure or spent tan bark. By 
the decomposition of the bark or manure, considerable carbon 
dioxide and heat are produced. The heat volatilizes a portion 
of the vinegar, which, acting upon the lead, produces the acetate 
{PbCCjHjOi)!)' The carbon dioxide acting upon the acetate 
converts it into acetic acid, which acts upon a fresh portion of 
lend, and a basic or hydro-carbonate of lead. 

2PbC0j. PbO^H, or PbO— IICOj— Pb— COa— PbO— H. 
After the lapee of a considerable time, the pile is taken down. 
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the sheets are taken out, and the carbonate detached from them 
by passing them through roliera or by pounding. The white 
powder is then ground with oil and sent into the market as 
" White Lead." 

White lead is largely used in oil painting, forming a, part of 
all but the darkest colors. As it ie poisonous and is darkened 
by the action o*f hydrogen sulphide in the atmosphere, it is at 
present being more and more replaced by zinc white fZnOJ 
and permanent white (BaSOi). 

451. Lead Sulphide (Pb8) occurs in the mineral galena. 
It is precipitated from solutions of lead salts by hydrogen sul- 
phide or alkaline sulphydrates as a black powder. The native 
sulphide is bluish-gray and has a metallic lustre ; sp, gr. 7.58, 
The sulphide obtained by precipitation has a sp. gr. of 6.924. 
It is insohibie in dilute acids. 

452, Lead Acetate — Salt of Saturn^ — Sugar of Lead — 
Plumbi Acetas (U. 8., Br.), (PbCC^HAV), 's prepared by 
dissolving litharge in acetic acid ; or by exposing lead in contact 
with acetic acid to the atmosphere, evaporating and crystallizing. 
It forms large, oblique rhombic prisms, having a sweetish, me- 
tallic taste. It dissolves in 1.5 parts of water and in 8 parts of 
alcohol, forming solutions which react acid upon test paper. On 
exposure to the air, the crystals effloresce upon the surface and • 
are partly converted into carbonate. Several subacetates, as basic 
acetates, are known. The only one requiring mention is that 
having the formula PbOH (C,HA)2PbO. This is the chief con- 
stituent of Liq. plumbi subacetatis (U. S„ Br.), or Gou- 
lard's extract, which is obtained by boiling a solution of the 
neutral acetate with lead monoxide in fine powder. When ex- 
posed to the air, this solution becomes milky from the formation 
of lead carbonate. 

453. Lead Chromate (PbCrO,) is formed by precipitating 
lead nitrate with potassium chromate. Under the name of 
chrome yellow, it is used as a pigment. Very recently, its 
fraudulent use as an artificial coloring a^ent in manufactured 
food products has been discovered. It is insoluble in water, but 
soluble in alkalies, 

454, Physiological Action of Lead. All of the com- 
pounds of lead that are soluble, and those that are themselves 
insoluble but that are readily convertible into soluble compounds 
by the action of air, water or the digestive fluids, are poisonous. 

The chronic form of lead poisoning, painter's colic, is very 
I, and is produced by the continuous absorption of small 



„ common, ana 



quantities of the metal or its coinpoi 
), or Btomach. Although metallic 



, either h^ the stin, 
■^ -a inert, its r' 



tion will cause Bymptome of poisooiiig from its being converted 
within the body into poisonous compounds. Some of the 
'■; may be introduced are, the drinking of 
in contact with the metal; the use of food, 
tobacco, etc., that has been wrapped in tin-foil coutaining lead; 
the drinking of beer or other beverages that have been kept in 
pewter vessels ; the handling of the metal or its alloys by arti- 
sans. Almost all of the commoner compounds of lead may give 
rise to the chronic poisoning. Probably the carbonate is the 
cause of more cases than any other lead compound in painters, 
artists, manufacturers of paint, and persons sleeping in freshly 
painted apartments. 

Acute lead poisoning is comparatively rare and ia not often 
fatal. It is generally caused by the ingestion of a single large 
dose of the acetate, subacetate, carbonate or red lead. 

When it occurs, magnesium sulphate should be given, as it 
forms an insoluble lead sulphate. 

If the metal be once absorbed, it is eliminated slowly, as it 
tends to become iixed by combination with the albuminoids of 
the body. This combination is rendered soluble by potassium 
iodide. It is eliminated by the urine, perspiration and bile. 

Great caution is necessary in drawing conclusions, in ease 
traces of lead are found in the body after death, on account of 
the many ways that it may be introduced. 

COPPER GROUP. 
Copper = 63.6. Mercury = 300. 
453. Each of these elements forms two series of compounds. 
One series contains the group (i. >) or (Hg.)" and the com- 
pounds are known as the cuprous and mercurous compouods, 
respectively ; the other contains a single dyad atom, and is des- 
ignated by the termination ic. 

COPPER. 

Cu = a3.5. 

456. Occurrence. — Thia metal occurs in the free state in 
large masses, or crystallized in cubes and octahedra. It is found 
in the vicinity of Lake Superior, in China, Japan, Sweden, and 
in the Urals. Its most important ores are : cuprite (CuiO), 



inalachite and azurite (basic carbonates), chalcocite (CujS)i and 
chalcopyrite, or copper pyrites (CuFciS). 

457. Preparation. — The mixed copper ores are first roasted 
in the air, by which process a portion of the copper sulphide is 
converted into oxide ; this is then roasted with silica fluxes and 
carbon. By this process the irou sulphide is converted into 
silicate, and is drawn off with the slag. After several repetitions 
of this process, the so-called copperstone is obtained ; this 
contains both the sulphide and oxide. By repeated roasting and 
heating, the copper oxide reacts upon the sulphide, and metallic 
copper results. Some poor ores are first treated with sulphuric 
acid, and the resulting sulphate is then treated with scrap iron, 
which precipitates the copper in the metallic state. Chemically 
pure copper is obtained by neating the pure oxide in a stream of 
Hydrogen, or by electrolysis. 

453. Properties. — Ciopper is a red metal by reflected light, 
while thin leaflets transmit a green light. 

It is soft, ductile and tenacious ; a good conductor of heat and 
electricity ; specific gravity 8.914 to 8.952. In dry air it under- 
goes no change ; but in moist air it gradually becomes coated 
with a thin layer of green basic carbonate. When heated, it 
oxidizes to black cupric oxide (CuO). Hot sulphuric, nitric and 
hydrochloric acids dissolve it, with liberation of sulphur dioxide, 
nitrogen dioxide, and hydrogen, respectively. With organic 
acids it forms soluble salts in the presence of air and moisture ; 
hence, acid fruits should not be kept in copper vessels. 

459. Cuprous Compounds. — These are very unstable, 
absorb oxygen, and are converted into cupric compounds. 

If the formiiliB CiiCl, CuI, CujO and Ca^S are eorreot, copper in the 
cuprouB compounds wiiuld appear, like silver, to be univalent. It has 
never been deMnnined, however, whether these forraulffi really express 
the true molecules. Copper compounds are not volatile, and we have no 
raeana of ascertaining the size of the molecule. As has already been 
stated, most chemists believe that in the cuprous compounds copper 
is bivalent, and that they contain the group Cu^''', whose vulence is 

460. Cuprous Oxide — Suboxide, or Black Oxide 

(Cu,0)j occurs in nature as cuprite. It is obtained artificially 
bv boiliug an alkaline solution of grape sugar and copper sul- 
phate. It precipitates as a bright red powder. (Fehling's 
and Trommer'a tests.) The hydrate (Cu,(uH),) is precipitated 
by the alkalies, from hydrochloric acid solutions of Cu,Cli, as a 
jellow powder. 
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461. Cuprous Chloride— Subchloridc, or Protochlorift 
(CuCl or CujCI,), is produced, together with cupric chloride, by ^ 
igniting metallic copper in chlorine gas ; by diseolving cuproas 
oxide in hydrochloric acid without contact of air; or by the 
action of many reducing agents upon solutions of cupric chloride. 
It IB a heavy white powder, rapidly becoming green in the air, 
owing to the absorption of oxygen, and formation of cupric chloride 
rCu^QjjV It dissolves in concentrated hydrochloric acid, 
but not in water. With carbon monoxide it forma a crysU!- 
lizablo compound. Its hydrochloric acid solution is used in gas 
analysis to absorb this gas. 

4(i2. Cuprous Iodide (Cu,I,) is precipitated, together with 
iodine, Irom soluble cupric salts, by potassium iodide. 



2CijS0j -h 4KI =. 



E,aO, + CuJ^ + I,. 



On dissolving out the iodine with ether, the iodide is left as a 
"gray insoluble powder. 

463. Cuprous Sulphide — Subsulphide, or Protosul- 
phide (Cu^), occurs in nature as chalcocite, as soil, fusible, 
gray crystals ; also in many double sulphides, among which the 
most important is the double sulphide of copper and iron, or 
copper pyrites. 

4ti4. Cupric Compounds — Cupric Oxide — Binoxide 
— Black Oxide (CuO), is prepared by heating copper tuminga 
to redness in tbe air, or by calcining the nitrate. It forms a 
black amorphous powder, readily reduced by heated charcoal, 
hydrogen, or the alkaline metals, to the metallic state. If 
healed in the presence of organic substances, it oxidizes them 
completely, and is thereby reduced to metal. It is used in 
organic analysis for this purpose. 

465. Cupric Hydrate (Cu(OH)s) is formed as a volumin- 
ous bluish-white precipitate, when sodium or potassium bydrate 
is added to a solution of a copper salt. When heated, even 
under water, it becomes dehydrated and changed to black cupric 

Copper oxide and hydrate dissolve in ammonium hydrate, 
forming a dark-blue solution. This solution is often used as a 
solvent for cellulose, from which solution acids precipitate it 
again. (See Celluloid.) 

466. Cupric. Chloride (CuCIJ is formed by dissolving 
cupric oxide or carbonate in hydrochloric acid. From aqueous 
solutions it crystallizes in bright green, rhombic needles with 
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12H,0. It is readily soluble in water and alcohol. When 
heated, it parts with its water, and forms auhydroua cupric 
chloride, which at a red heat gives off chlorine. 
2CqC1, + heat = CujCI, + d,. 

Cupric bromide resembles the chloride. Tiie iodide is not 
known. 

4C7. Cupric Sulphate — Blue Vitriol — Blue Stone — 
Cupric Sulphas {\J. S.. Br.), tCuS045HjO), may be prepared, 
first, by roasting chalcocite; second, from the water of copper 
mines ; third, by exposing copper moistened with dilute sulphuric 
acid, to the air; fourth, by dissolving copper in hot, concentrated 
sulphuric acid. It forms large, blue triclinic crystals, which dia- 
aolve in 2.71 parts of water at 19''C. (G6.2°F.), and in 0.55 parts 
of water at 100°C!. (212''F.). It loses four molecules of water at 
lOO^C. (212^), while the fifth separates above 200°C. (392=F.), 
leaving a white amorphous powder, which readily takes up water, 
aud in so doing, resumes its blue color. Solutions of copper salts 
have a blue color, acid reaction and metallic, styptic taste. 

Ammonium hydrate added to a solution of copper sulphate 
precipitates a bluish-white cupric hydrate, which dissolvcB in an 
excess of the alkali, forming a deep blue solution. Alcohol 
floated on this solution causes to separate long, right rhombic 
prisms having the composition CuSO,4NH!,HiO, which are very 
soluble in water. Their solution constitutes cuprammonium 
sulphate, and they exist mixed with other substances in the 
cuprum ammoniatum (U. S.). 

468. Copper Carbonates. — The neutral carbonate (CuCOi,) 
ia not known. When alkaline carbonates are added to solutionB 
of copper salts, the basic carbonate separates as a green precipi- 
tate, having the formula CuCO,,.2Cu('OH0. This occurs in 
nature, especially in Siberia, as malachite. Another basic 
salt, tricupric carbonate, or sesqui carbon ate of copper, is 
the beautiful blue azurite. 

469. Copper Arsenite — Scheele's green, ia prepared by 
adding a solution of sodium or potassium arsenite to a solution 
of a copper salt. It is a green powder, composed of copper 
arsenite and hydrate. It is insoluble in water, but soluble in 
ammonium hydrate or the mineral acids. It is excefidingly 
poisonous, but is often usetl as a pigment to color wall papers, 
toys, aud even confectionery. 

"Schweinfurt Green — Mitis Green, or Paris Green 
(Cu (CjHaO,) -]- 3(As.jCuO,), ia the commonest aud most danger- 
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ouB of the cu pro-arsenical pigmenU. It is prepared hj adding a 
ooocentrated solution of cupric acetate to a Doiliog solution of 
ar§enioUB acid. It U an insoluble, green, crystalline powder, 
decomposed by prolonged boiling in water, by aqueous solutions 
of the alkalies, and by the mineral acids. It is also soluble 
in ammoniuu liyiirate. 

470. Copper Acetates. The diacetate (Cu(C,HA),) 
is formed by the decomposition of a solution of copper sulphate 
by lead acetate. It separates in large, bluish-green, prisinatic 
crystals, with one molecule of HjO, which it loses at IWC. 
(284"?.) The dry salt when heated to 250°C. (482°F.), decom- 
poses with liberation of glacial acetic acid. 

Basic Acetates — Verdigris — Cupric Subacetas {TJ, S.), 
is a complex mixture of copper acetate and hydrate. It is pr&- 
pared by eiposing to the air piles composed of alternate layers 
of grape skins and copper plates, and after some time removing 
the bluish-green coating from the copper plates.* 

471. Copper Pigments. — The most important are : Brigh- 
ton Green, a mixture of cupper acetate and chalk. Bruns- 
wick Green, orginally an impure chloride, but now generally 
a mixture of carbonate and chalk. Mountain Green, or 
Mineral Green, is a native green carbonate of copper, some- 
times containing orpiment. Neuwieder Green, another name 
for mineral green or Schweinfurt green, mixed with gypsum or 
barium sulphate. Green Verditer is a mixture of the basic 
carbonate, oxide, and chalk. 

472. Physiological Action of Copper. — Until recently, 
toxicologists were universally of the opinion that all the copper 
salts are poisonous. Of late, however, tbis has been considerably 
modified. Most of the copper compounds have an irritant, local 
action if brought into contact with the gastric or intestinal mucous 
membrane, causing vomiting of greenish matter, cramps, etc. On 
the other hand, there are numerous instances in which severe 
illness, characterized by nervous and other constitutional symp- 
toms, has followed the use of food that has been in contact with 
imperfectly tinned copper vessels. Some such cases have proven 
fetal. It has been conclusively shown, however, that pure and 
n on -irritating copper compounds may be taken in considerable 
quantity without any had results, excepting vomiting. 

Copper sulphate is frequently used as an astringent in medi- 

* The Mnn verdigris is no 
carbonates, hydrates, or salts o 
surface of copper. 
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cine, and has been recommended in cholera and dysenteric 
iroubles. This salt may be taken in considerable doges, witb 
only an emetic effect. Geaea of acute poisoning are not common, 
but many are recorded. Chronic poisoning is occasionally seen 
in those who work in copper, characterized by colicky pains, 
emaciation, impaired digestion, diarrhea, and often a catarrhal 
cough. In most cases, there is a green tine on the margin of the 
gums. Copper is very likely to become contaminated with 
arsenic ; and it is possible that some of tbe cases of reported 
copper poisoning ought to be attributed to arsenic. The organic 
salts ot^ copper seem to be more poisonous than the inorganic. 
Canned peas, pickles, and other fruits are often contaminated 
with copper, and the manufacturers have frequently been pun- 
ished by fines ; but there exists a difference of opinion as to the 
dangers of copper in such goods. As long, however, as there is 
a chance for doubt, sanitary authorities should prohibit its use.* 
The chemist must remember that most articles of food contain 
traces of copper. 

The treatment of cases of irritant copper poisoning should con- 
sist in the exhibition of milk, white of egg, and other albuminoid 
substances, with which the copper salt may form an inert com- 
pound. Emesis should be induced if it has not taken place 
Hpontaneously. 

MERCURY. 

Hg = 300. 

473. Occurrence. — Mercury occurs in nature principally 
as cinnabar, or, rarely, in the form of small particles scattered 
through rocks. It is found in Spain, Peru, China, Japan, Cali- 
fornia and Mexico. 

474. Preparation. — The native sulphide, or cinnabar, is 
roasted in reverberatory furnaces, thus burning out the sulphur, 
and distilling off the mercury and condensing it. Or, it is some- 
times simply heated with iron, which removes the sulphur and 
seta free the mercury, which distills over. Commercial mercury 
nsually contains small quantities of other metala, owing to its 
great tendency to amalgamate with them. To remove these it is 
re-distilled, or treated with very dilute acids by pouring it in a. 
thin stream into them. When pure, mercury poura from a 
glass surface without leaving a streak, and the smgle droplets 
retain their globular form, and do not form a tail or adhere to 
the glass. 

t of faiai 
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47.5, Properties. — Mercury ia the only liquid metal at 
ordinary temperatures. lu speoiGo gravity ia 13.od6. At 40' C. 
it solidifies, and cryatallJEee in oolahedra. It is somewhat volatile 
Rt ordinary teraperaturea, and boils at 360' C. (680' F.>. Its 
vapor has a density of lOl) ; specific gravity 6.97 (Air ^ 1 ). Its 
molecular neight, therefore, is 2t)0 ; and as its atomic weight is 
also 200, its molecule, like that of cadmium, is comftosed of one 
atom. If pure and at ordinary temperatures, it is not altered 
in the air; at a temperature near the boiling point, it is coated 
with a thin film of mercuric oxide. Hot sulphuric acid 
converts it into mercuric sulphate, with evolution of sulphur 
dioxide. It dissolves readily in dilute nitric, but not in hydro- 
chloric acid. 

Mercury dissolves all metals but iron, to form amalgams. 
Tin amalgam is used for coating mirrors. 

476. Mercurous Compounds. — Mercurous Chloride — 
Protochloride — Mild Chloride— Calomel — Hydrargyri 
Chloridum(U.S.)— HydrargyriSubchloridum(Br.),CIIgCi 
or Hg,Cl,), is usually prepared by the mutual decomposition of 
eodium chloride, mercuric sulphate and mercury. After mix- 
ing thoroughly in a mortar, the mixture is heated, when the 
calomel sublimes. 

HgSO, + 2NaCl + Hg = NajSO. + HgjCl,. 
By this method, mercuric chloride ia also formed in varying 
quantities, and should be removed by washing the product with 
boiling distilled water, until the washings no longer form a pre- 
cipitate with ammonium hydrate. 

Mercuric chloride may be detected in calomel by its forming 
a black stain upon a bright iron suriace dipped in a mix:ture of 
calomel and alcohol; or, by the production of a black stain by 
hydrogen sulphide in water that has been filtered through calo- 
mel so contaminateil. Calomel crystallizes when sublimed, in 
radiating quadratic prisms ; but if precipitated from solutions of 
mercurous salta by hydrochloric acid, it forms a heavy, white, 
amorphous powder. Heated to about 500° C. {S'i'l" F.), it sub- 
limes without fusing, is insoluble in cold water and alcohol, and 
dissolves in boiling water to the extent of 1 part in 12,000. If 
boiled for a long time with water, it partly decomposes, mercury 
being deposited, and mercuric chloride passing into solution. 
Strong acids convert it into mercuric salts and free mercury. 
With ammonium hydrate it blackens, with formation of 
mercur-amidogen chloride. 

Hg,C!j + 2NU^0H = NH4CI + NH,Hg,Cl + 2HjO. 
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Hydrochloric acid and alkaline chlorides convert it into mercuric 
"chloride ; thia may occur in the stomachs of persona who use large 
quantities of salted food, as on board ship. Alkaline iodides 
convert it first into raerenrous iodide, which is then decompoaed 
by an excess of the alkaline iodides into mercuric iodide and 
mercury. 

477. Mercurous Iodide— Protoiodide, or Yellow Io- 
dide —Hydrargyri lodidum Viride i,U. S., Br.), (Hgl or 
H&Ii)- is prepared by triturating 200 parts of mercury with 
127 parts iodine and a little alcohol, until a green paste is formed. 
It may also be prepared by precipitation from a solution of 
Hg/NOa), with KI. It is a greenish-yellow, amorphous pow- 
der, insoluble in water and alcohol. It turns brown and vola- 
tilizes when heated. Light decomposes it into mercuric iodide 

478. Mercurous Oxide— Protoxitjc, or Black Oxide 

(Hg.,0), is formed by the action of sodium hydrate upm 
mercurous salts. It is a brownish-black, tasteless pow.ler, 
which sunlight decomposes into mercuric oxide and mercury. 
Mineral acids convert it into the correipooding mercirous 
salts. It esists in the lotio hydrargyri nigri (Br.), or 
black wash, 

479. Mercurous Nitrate (HgNO, or Hg,(NO,,\l is fjrmad 
by digesting an excess of mercury with somewhat diluted nitric 
acid, until short prismatic crystals separate. The cryatala 
effloresce in the air. Water decomposes this salt into the acid 
salt, which goes into solution, and basic mercuric nitrate 
( ^sC NO )■ ^'''•'h separates as a yellow powder. Water acidu- 
lated with nitric acid dissolves it, but it soan oxidizei and 
becomes mercuric nitrate. By adding metallic mercury to the 
BolutioQ, this oxidation is prevented to a great degree, or aftar 
oxidation reduces it back to the ous state. 

Hg(NO,), + Hg = Hg,(NOJa. 

480. Mercurous Sulphate (HgSO,) is formed by gently 
warming an excess of mercury with sulphuric acid. It separates 
as a yellow crystalline precipitate when sulphuric acid is added 
to mercurous nitrate solution. 

481. Mercuric Compounds. — In these, mercury is biva- 
lent ; they are represented by the formula H'^R,. The mercuric 
compounds are always formed when mercury is dissolved in 

39 of acid; when the opposite is the case, the ous oompouni] 
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D bright red, rhoEobohedral crystals. When heated, it becomes 
ellow, ruses, and siiblimea in yellow, shining, rhombic needles, 
^eae again become red upon touching them with some solid, 
i are changed into a mass of octahedra. Mercuric iodide ia, 
.ierefore, dimorphous, 

485. Mercuric Oxide — Red, or Binoxide — Hydrargyri 
Oxidum Flavum (U. S., Br.) — Hydrargyri Oxidum Ru- 
brum (_V. S., Br.), (HgO), is obtained by igniting mercurous or 
mercuric nitrate as long as fumes are given off; or, by adding 
sodium hydrate to a solution of a mercuric salt. The product ob- 
tained by the first method is red and crystalline, of sp. gr. 11.2; 
that obtained by precipitation is yellow and amorphous, Hirnish- 
ing Hydrarg. oxid. Bavum (U. S. P.). The latter is the more 
active form. Both modificationa turn black when exposed to 
light and air. At 400° C. (752° F.) it breaks up into mercury 
and oxygen. Mercuric oxide is very sparingly soluble in 
water. It ia the chief ingredient of the L.otio hydrargyri 
flava (Br.), or yellow wrash, prepared by adding lime water 
to a solution of mercuric chloride. 

486. Mercuric Nitrate (Hg(NO,,), may bo obtained by 
dissolving mercury or mercuric oxide in hot nitric acid. This 
should be (jprefuUy conducted as it is inclined to form basic 
salts. It dissolves in water, and exists in the Liq. hydrargyri 
nitratis (U. S.), or Liq. hydrargyri nitratis acidus (Br.). 
It is used in the volumetric estimation of urea by Liebig's 
method. The standard solution used for this purpose contains 
71.48 grraa. of metallic mercury to the litre, and 1 c.c. corresponds 
to 10 mgrms. of urea. 

487. Mercuric Sulphate (HgSO,) is prepared by warm- 
ing mercury or its oxide with an excess of sulphuric acid. With 
an excess of water, it decomposes into sulphuric acid and the 
yellow, insoluble, basic salt, Turpeth mineral, HgSO,.2HgO, 
It is a white, crystalline salt, used in aome forms of galvanic bat- 
teries as the exciting agent. 

488. Mercuric Sulphide — ^Red Sulphide — Cinnabar — 
Vermilion — Hydrargyri Sulphuretum Rubrum (I). S.), 
(HgS), occurs native in radiating or amorplioua masses. It 
may be prepared by rubbing sulphur and mercury together, or 
by the precipitation of a mercuric salt by hydrogen sulphide, as 
a black amorphous mass, which is the ^thiops mineralis of 
the older pbarmaciste. 

489. Medical Action of Mercury. — If introduced into 
'mal economy, metallic mercury is not poisonous. By 
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contact vith alkaline chlorides, however, it is converted into 
mercuric chloride ; the more finely divided the particies of 
mercury are, the more readily doea tnia take place. 

Mercuric chloride has a decidedly toxic action, both locally and 
constitutionally. Its local irritant action is due to its tendency 
to unite with albuminoid bodies. The constitutional symptoms 
are somewhat similar to thoae produced by arsenic, but appear 
sooner. The vomit fre<|ueutly contains blood, and there is 
an intense burning, metallic taste in the mouth. Tlie symp- 
toms that are referable to the gastrc-intestinal raucous membrane 
are more intense. The size of the minimum fatal dose of the 
corrosive chloride is about three grains; of white precipitate, 
thirty lo forty grains; and of Turpeth mineral, about forty grains. 
Children tolerate mercury much better, in proportion to their 
age, than adults. 

The treatment should consist in the administration of milk or 
white of egg, and the induction of prompt emesis. Absorbed 
mercury probably exists in the blood as an albuminate, and is 
eliminated by the fseces, urine and saliva; chiefly by the former. 
Chronic mercurial poisoning, known as mercurial tremors, 
shaking palsy, etc., is met with iu those who work in mercury 
compounds. The symptoms uauallybegin with debi|ity, nausea, 
vomiting, colicky pains, and a constant metallic taste in the 
mouth. Sooner or later salivation will become a prominent 
symptom, the tongue and gums becoming swollen, red and 
ulcerated, and the breath will emit a peculiar fetid odor. Sali- 
vation may, however, be produced by bromine, antimony, lead, 
prussic acid, etc. 

Chronic and even acute poisoning may occur from the free ex- 
ternal use of mercuric salts. Post-mortem the mucous mem- 
brane of the stomach is usually found of a grayish color, as also that 
of parts of the mouth and oesophagus. The surface of the mem- 
brane is sometimes covered with a slate-colored deposit of finely 
divided mercury. 

Tests, — One of the simplest tests for mercury in solution is 
a piece of bright copper, which, in the presence of a small quan- 
tity of free hydrochloric acid, becomes coated with a silver white 
layer of copper amalgam. All salts of mercury are volatile. 
When heated in a tube with sodium carbonate, globules of 
metallic mercury distill off from all salts. Mercury salts give« 
black precipitate with H,S, which is insoluble in nitric a 
but soluble in aquAfregia. 
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SILVER. 

Argentoxn, Ag -» 108. 

490. Occurrence. — ^This metal occurs in nature in combi- 
nation with chlorine, bromine, iodine, sulphur, arsenic, copper, 
antimony, etc. The principal localities in which it is found are 
the western United States, Mexico, Hungary and Saxony. 

491. Preparation. — For an elaborate description of the pro- 
cess by which silver is extracted from its ores, the student is 
referred to works on metallurgy. As usually obtained by these 
processes the metal is not pure, but is contaminated to a greater 
or less extent by copper and other metals. To obtain it 
chemically pure, the ordinarily occurring silver is dissolved in 
nitric acid, and ft>om this solution of the nitrates, silver is pre- 
cipitated as chloride by hydrochloric acid or common salt. The 
silver chloride thus obtained may be reduced by fusion with 
sodium carbonate, or by the action of zinc or iron in the 
presence of water. 

2AgCl 4- Zn = ZnClj ;f 2Ag. 

492. Properties. — A brilliant white metal ; sp. gr. 10.47 to 
10.54. It is tolerably malleable, soft, very ductile, and is the 
best conductor of heat and electricity known. It does not 
oxidize in the air, but frequently tarnishes in ordinary atmos- 
pheres, from the '•presence of minute quantities of hydrogen 
sulphide, which blackens it. With the members of the halogen 
group it unites directly. It dissolves 'in hot, strong sulphuric 
acid, to form the sulphate, but is more easily attacked by nitric 
acid, which dissolves it with great readiness, even when largely 
diluted. In order to give it the necessary hardness for use in 
the arts, it is usually alloyed with copper. Coin silver contains 
10 per cent, of xjopper. 

493. Silver Oxide — Silver Monoxide — Silver Protox- 
ide — Argenti Oxidum (U. S., Br.), (Ag,0), is precipitated 
from solutions of soluble silver salts by sodium or potassium 
hydrate, as a dark brown, faintly alkaline powder, slightly 
soluble in water. It has strong basic properties. It readily 
gives up its oxygen when heated. When it is dissolved in 
ammonium hydrate there separate, on evaporating, black 
crystals of an explosive compound (Ag20.2NH3), which, when 
dry, explode on the slightest disturbance. 

Silver Suboxide (AgiO) and Silver Peroxide (AgO, or 
AgaOa) are also known. 
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form. The additioD of metallic mercury to the mercuric t«in' 
pounds coiiverls tiieni into merctirous compouDd?, while oxidizing 
agenta produce the iippiisitf' effect. 

482. Mercuric Chloride — Bichloride— Corrosive Sub- 
limate — Hydrargyri Chloridum Corrosivum (U.S.), Hy- 
drargyri Perchloridum (.Br.), (HjjCI,), may be produced by 
digeolving mercuric oxide in hydrochloric acid. 

Oh a large scale, it ia prepared by Bublinjiug a dried mixture 
of mercuric sulphate and sodium chloride. 

HgSOj + 2N»C1 = HgCl, + Na,SO,. 

It cr^tallizes by eublimation in rectangular octahedra; from 
solution in fine, right rhombic, needle-like prisms. At ordina^ 
temperatures, it dissolves in 15 parts of water, and at 100° C. 
(212" F.), in 3 parts ; it is still more soluble in alcohol. It dis- 
solvea freely in hot bydrochlonc acid, which solution gelatinizes 
on cooling. Its specific gravity ia 5.4. In aqueous solution, it 
tends to reduce into metallic mercury and calomel. Sodium or 
ammonium chloride prevents thie change. Zinc, cadmium, nickel, 
iron, lead, copper and bismuth, remove most of its chlorine, 
reducing it either to metallic mercury or calomel. Sulphuric, 
nitric and hydrochloric acids all dissolve it without decompo- 
sition. With albumen, it forms a white precipitate, insoluble in 
water, but soluble in excess of albumen solution, or in solutions of 
alkaline chlorides. 

483. Mcrcur-Ammonium Chloride— White Precipi- 
tate — Ammoniated Mercury— Hydrargyrum Ammoni- 
atum_(U. a, Br.), (NH,HgCl), is thrown down as a heavy white 
precipitate, by adding a slight excess of ammonium hydrate to a 
solution of mercuric chloride. It ia insoluble in alcohol, ether, 
and cold water. Hot water decomposes it, with the separation 
of a heavy yellow powder. It sublimes without fusing. 

484. Mercuric Iodide— Einiodidc, or Red Iodide— 
Hydrargyri lodidum Rubrum (U. 8., Br.), (Hgl,). is 
tormed by the direct union of mercury and iodine, when the 
two are triturated in a mortar. AVhen solutions of mercuric 
chlonde and potassium iodide are mixed, a double decompositioB i 
^ZiZh- w "'^ "'^•■■="''*' i«dide separates as a yelfow prej 
ciD.tate, which immediately turns bright red It ia sparingly^ 
is form^f'.^"' '"r'y Boluble Tn solt ons of fel ^4| 
Ss iTlh f ' ''•''';*■"'«■ I' ^l«o dissolves in many dilut." 

sSd^me^ric s^ ^°^,lTu'"7'rv"'^ "i''^'!"^ '"'.'"mja 

•Tom lU alcoholic solution it crystalliMaa 
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floating over it ft solution of collodion {a solution of pyroxyline 

in ether and bIcoIioI) containing a small quantity of iodide or 

bromide of potassium, ami then dried. On dipping the plate 

into a solution of silver nitrate, it becomes coated with a layer 

of silver iodide or bromide. After exposure in the camera it is 

taken to the dark room and " developed " by pouring upon it 

a solution of pyrogallic acid, or ferrous sulphate, which reduces 

the silver salta to the metallic state on that portion of the plate 

that has been acted upon by light, and makes it opaque. In 

printing from this, a paper previously wetted by floating it upon 

I ft solution of silver nitrate, is placed behind the negative and 

I exposed to a strong light. The same action takes place upon 

I the paper; the lighta upon the negative becoming dark upon the 

I |»iper. The image is fixed by dissolving off the undecomposed 

' silver with a solution of sodium hyposulphite. 

GOLD, 

Aq - 197- 

500. This is the only member of the group. It is sometimes 
classified as one of the precious metals. 

501. Occurrence.— -Gold occurs native in wide distribution, 
though in small quantities. Generally found in Veins of quartz, 
from which it is extracted, after pulverization, by dissolving it 
out with mercury. The amalgam thus formed is subjected to 
heavy pressure, which squeezes out the excess of mercury, the rest 
being separated by distillation. 

502. Properties. — Gold is orange yellow by reflected light, 
and green by transmitted light ; very ductile and exceedingly 
malleable. It fuses at 1200° C. (2192" F.); has a specific 
gravity of 19.36, and is a good conductor of heat and electricity. 
It retains its lustre even at high temperatures. It is not affected 
by any single acid or alkaline hydrate. A mixture of nitric 
and hydrofiloric acids readily dissolves it, forming a solution of 
the chloride. It combines directly with the halogens, phospho> 
rus, antimony, arsenic and mercury. In handling oromine, 
care.'should be taken that its vapor, or the bromine itself, does not 
come in contact with rings or other gold jewelry, lest they be 
attacked. 

50.3. Uses, — Neither gold nor its preparations are much used 
' in medicine. It is extensively employed, however, in the manu- 
1' fikcture of jewelry and for coinage. For either of these purposes 
I it ia too soft to be used alone, but is always alloyed with either 
^copper or silver. In estimating the fineness of gold in jewelry^ 
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better, the double chloride of sodium and aluminium with 
sodium. 

Al2Cle.2NaCl + 3Na = AI2 + 8NaCl. 

It is a silver-white metal, very malleable and ductile, a good 
conductor of electricity ; sp. gr. 2.56. At ordinary temperatures 
it is not affected by air or oxygen, but burns if heated in oxygen. 
It is insoluble in nitric acid, soluble in boiling sulphuric and cold 
hydrochloric acids. It dissolves in alkaline hydrates to form 
aluminates, with liberation of hydrogen. It forms a very 
hard and durable alloy with copper, known as aluminium 
bronze. 

510. Aluminium Oxide — Aluminia (AlgOs), is found 
crystallized in prisms, and colored by other admixtures, in 
ruby, sapphire, corundum and topaz. These minerals are 
all exceedingly hard, ranking next to the diamond in this 
respect. Aluminia may be obtained artificially by igniting the 
hydrate, as a light, white, insoluble, odorless and tasteless powder. 
Acids attack it with great difficulty when prepared as above. It 
may be decomposed by fusing with caustic alkalies or acid po- 
tassium sulphate. 

511. Aluminium Hydrate (Al2(OH)6) is formed by pre- 
cipitating a solution of an aluminium salt with ammonium 
hydrate or carbonate. When freshly precipitated it is insoluble 
in water, but soluble in solutions of the fixed alkalies. By pro- 
longed drying, or after standing under water, it is rendered 
almost insoluble in acids, although it undergoes no change in 
composition or appearance. 

512. Aluminium Chloride (AlaCle) is obtained by the 
action of chlorine upon heated aluminium. It forms color- 
less hexagonal prisms; fusible, volatile, and very soluble in 
water and alcohol. It crystallizes from a hot concentrated solu- 
tion with I2H2O. 

513. Aluminium Sulphate (Al2(S04)3) is prepared arti- 
ficially by the action of sulphuric acid upon kaolin or clay. 
Also, by dissolving aluminium hydrate in the same acid (alumi- 
nii sulphas, U. S.). It crystallizes in thin plates with I8H2O ; 
soluble in water, and sparingly so in alcohol. When heated, it 
fuses and becomes anhydrous. 

514. Alums. — These are double salts formed by the combina- 
tion of aluminium sulphate with the alkaline sulphates. The 
salt originally known as alum is the double sulphate of alumin- 
ium and potassium, (K2Al2(S04)4.24H20). It is obtained from 
clays free from iron, and from aluminite, a basic sulphate of 
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of the hydrogen in the pores of the sponge, the heat develope<^ 
being sufficient to inflame the hydrogen. Platinum is not 
affected by the air or oxygen. It unites with chlorine, arsenic, 
silicon, sulphur and phosphorus. It does not dissolve in acids, 
and is only soluble in liquids generating j^ee chlorine, as aqua 
regia. With many heavy metals it forms easily fusible alloys. 
Therefore, easily reducible metallic oxides, as of arsenic, lead, 
etc., ought never to be ignited in platinum vessels. Platinum 
is valuable for its high Rising point and its power to withstand 
oxidation ; and is expensive, because of its scarcity. 

617. Platinum Compounds. — ^These are of two series, 
platinous, PtK,) and platinic, PtK4. In the first, the metal is 
more basic, and in the latter, more acid in nature. 

Platinic Tetrachloride (PtCU) is obtained by dissolving 
platinum in aqua regia and evaporating off* the nitric acid. 
On evaporating, it crystallizes in soluble, reddish-yellow needles. 
With ammonium or potassium chloride and the alkaloids, it 
forms characteristic double chlorides. This salt is largely used 
to precipitate potassium, ammonium, or the alkaloids, for quanti- 
tative estimation. 

MOLYBDENUM GROUP. 

Molybdenum, Mo = 96. Tungsten (Wolfram), "W = 184. 

Osmiiun, Os = 198. 

518. These elements are of little importance themselves; 
their oxides, however, and some of their compounds are some- 
times used. 

519. Molybdic Trioxide or Anhydride (MoO,).— This 
oxide is obtained by roasting the native sulphide in an open 
vessel, at a red heat. The principal interest attached to it is its 
use in preparing ammonium molybdate, a reagent used to detect 
and estimate phosphoric acid. 

The impure oxide obtained by roasting the mineral molyb- 
denite, M0S2, is dissolved in ammonium hydrate, evaporated to 
dryness, re-dissolved in water, concentrated by evaporation, and 
allowed to crystallize. The soluble molybdates give a precipitate 
of M0O3 on the addition of acid ; but it is soluble in excess of 
acid. The molybdates give a white precipitate with the earthy 
metals. With phosphoric acid or the phosphates, a solution 
of ammonium molybdate containing an excess of nitric or 
hydrochloric acid first turns yellow, then deposits a yellow pre- 
cipitate of molybdic trioxide, phosphoric acid and ammonia, 
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PART IV. 



ORGANIC CHEMISTRY. 

522. Carbon and Hydrogen. — ^The substances derived from 
the animal and vegetable kingdoms are composed principally of 
four elements: carbon, hydrogen, oxygen and nitrogen, with 
occasionally sulphur and phosphorus. Few as are the chem- 
ical elements concerned, the number of different compounds of 
these elements is almost endless. Formerly only those sub- 

'stances directly or indirectly derived from bodies possessing 
vegetable or animal life were considered as organic ; but as our 
knowledge increased, a large number of compounds were pre- 
pared in the laboratory from these bodies, which were identical 
with others prepared from the elements themselves. It was thus 
demonstrated that by pure chemical agencies many of the pro- 
ducts of living organisms could be prepared, and that a vital 
principle was not necessary to form these compounds ; -and, also, 
that by the same chemical action a great many compounds could 
be formed which could not be found in either animal or vege- 
table organisms. Some artificial bodies were afterwards found to 
exist in either animal or vegetable organisms. This greatly 
enlarged the field of investigation, and a new meaning was 
attached to the term organic chemistry ; it was found neces- 
sary to extend the science to include all bodies in any way 
resembling organic compounds, either in composition or proper- 
ties ; i, e., all compounds containing carbon and hydrogen. Car- 
bon and hydrogen are the indispensable elements to the formation 
of organic bodies; without these we can have no substance 
capable of vegetable or animal life. In the great majority of 
organic compounds we also have oxygen or nitrogen, or both. 

523. Organic Chemistry may be defined as that branch of 
the science of chemistry which treats of the carbon compounds 
containing hydrogen, either alone, or with oxygen, nitrogen, sul- 
phur, phosphorus, etc. 

While inorganic compounds, as a rule, contain but a few atoms, 
organic compounds frequently contain a large number ; and the 
diversity in organic chemistry is obtained not by varying the 
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id of alttam, bat by varriDg tbe KmuteemeBt of ft few kinds. 
Tbere ent, bo««ver, certain organized Dmiics whicli poaMM a 
atnclnn ctttirely diflerent &odi that of anj known inotgaDic 
bodj or atlifictar organic sabetance. These otyanUed straetara 
are the aole ^odoct of Thai action, and cannot be prodoccd in 
the labonuor?. Sacb bodies are wen in the cell of living organ - 
ivna ; and altboagh we oaay be able at some time to constnicl 
roolecuUe identical with tboee composing tbem, we shall never be 
able to impart that function of growth, reprodoction, and other 
vital processes which we call life. The complexitj of organic 
compounds may readily be attributed to (he ioherent propertiee 
of carbon, the leadiDg or moat characteristic element of wfaieh 
they are composed. The atoms of carboD exhibit, la a remark- 
able degree, a tendencv to combine themselves into groups or 
chainfl, around which tiie other atoms or groaps of atoms are 
arranged. In other words, the carbon atoms are the skeleton in 
and upoD which a very complex structure may be built. The 
underlying principle of organic chemistry is the grouping of the 
cnrlnm Btoms, and ui>on these groups the whole superstructure is 
bndod. 

Ml. Carbon Nuclei. — Carbon is a tetrad and can com- 
bine with four mtmails. As has been eaid, it can also unite nith 
another carbon atom, and the two atoms thus united will com- 

H\ .'H 

bine with six monad or hydrogen atoms : H— C — C— H 

Three, four, five, or any number (n) atoms of carbon may Uiub 
unite, theoretically at least, and give rise to a chain of atoms, 
which has been called an open chain. Again, the same atoma 
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jfiviug r)M W closed chains. 

Bv a liltle wnsidvration it will 
tint two foruiwlw k'vvh above, if 

in auj given tbrmula, vi« also increase the number of bonds, 
or poinu of uontaul tor bydrt.^n atoms, by two for every carl 



that, in either c 

the carbon atoms 
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H H H H H H H 

atom added. Thus : H— C— C— C— H + CHa = H— C— C— C— C— H ; 

H H H H H.H H 

HHHH HHHHH 

H— C— C— C— C— H + CH2 = H— C— (Lc— C— C— H; 

and so on. 

We thus have a series of hydrocarbons differing from each 
other by the constant quantity of CHa. Such a series is called 
a homologous series. In the same chain of carbon atoms, 
we might have the following arrangement of the bonds of 

H H 

attraction : — H— C— C=C + CHj = 

A i i 

HHHH HHHHH 

H— 0—0=0— C—H + OH2 = H— 0—0=0- C—C—H. 

^ k i U 

This gives rise to another homologous series, each member 
differing from the last mentioned by the constant quantity of 
Ha, and known as the isologous series. In the vertical columns 
of the following table we have the homologous series ; in 
reading from lefb to right, we have the isologous series of 
hydrocarbons. 

OH4 

OaHe 
OgHg 

C4H10 
wHi2 

O7H16 
OgHig 

OnHan + 2 

* Unknown. 

This table does not by any means represent all the possible 
compounds, but gives an idea of how all known hydrocarbons 
may be classified by extending the table. 

525. Isomerism, Polymerism. — Besides the method of 
the carbon nuclei which we have indicated, a variety of other 



OHa* 


0* 




C2H4 


OaHa 




CgHe 


O3H4 


OsHa 


O4H8 


O4H6 


C4H, 


O5H10 


C,H. 


C.H, 


OgHia 


OsHio 


CeHg 


C7H14 


OyHja 


O7H10 


OnHan 


OnHan — 2 


OnHan — 4 
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inethoda may be conceived, some of which really exist. Thus 
the group containing four carbon atoms may be arranged as 



HHHH HHHH 

H— C~C— C— C-H, H— C— C=-C— C-1 

.1 ^ U i 

n H H H H 

H-C— C— C— H, H-C C— H 

ilk „i J„ 



i 
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The first and third of these would have the same number of 
atoms and the same formula, C,H,o, but would have different 
physical and chemical properties. Compountls having the same 
chemical composition but possessing diflerent properties, are 
termed isomeric bodies. The same may be said of the 
second and fourth of the above formulfe; the common formula 
is CiHs, but they are quite different in the constitution of their 
molecules, while they are the same in composition. These two 
compounds are isomeric. The chemical and physical properties 
of organic compounds depend not only upon the kind and 
number of atoms, which is designated the composition of the 
roolecules, but also upon the arrangement of the atoms in their 
molecules, or their constitution. It is in this way that we 
may have several compounds, each answering to the same 
formula, and giving the same result on analysis, but totally dif- 
fering in properties. We may mention here, as examples, am- 
monium cyanate, NH.CyO, and urea, CO J ' 

Also, 



NH,. 

nJc 



L 



Polymerism is a term given to compounds having the same 
percentage composition but different molecular weights. We 
have a striking example of this property in the second column 
of the table above. Ethene, CsH„ Butene, C.Hg, and Octene, 
C„Hi„, are polymeric bodies. Starch, cellulose, dextrine (Britiah 
gum), and glycogen of the liver are polymeric bodies. 
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526. Nomenclature of Homologous Hydrocarbons. — 

The following are the names proposed for these hydrocarbons: 



1st Series. 

PABAFFIKES. 
CnH2n— 2 

Methane, 

CH4. 
Ethane, 

G2H0. 

Propane, 
GsHg. 

Quartane^, or 
Butane, 
C4H10. 

Qaintane, or 
Pentane, 
C5H12. 
Sextane, or 

Hexane, 

C6H14. 



2d Series, 

OI.EFINES. 
CnH2n 

Methene* 

(unknown). 

CH2. 

Ethene, 

C2H4. 

Propene, 
CsHg. 

Butene, 
C4H8. 

Pentene, 
CsHio* 



Sd Series. 

ACETYLENES. 
CnH2n— 2 



C 

Ethine 
(Acetylene), 
C2H2. 

Propine, 

CsH4. 

Butine, 
Pentine, 



4th Series. 

CnH2n— 4 



C.H. 



Hexene, 

C6Hi2» 

1 Butane, pentane, etc., are preferred. 
* Also called methylene, ethylene, etc 



Hexine, 



Propone, 

Butone, 
C4H4. 

Pentone, 
C5Hg. 

Hexone, 
CgHg. 



Quartune, or 
Butune, 

C4H2' 

Pentune, 
C5H4. 

Hexune, 
CgHg. 



Here, as in inorganic chemistry, there is not perfect uni- 
formity in nomenclature, and, where they conflict, we shall 
follow the best usage in preference to strict conformity to the 
above. 

527. The Paraffines. — ^The paraffines are chemically in- 
diflerent bodies, because they are fully saturated compounds. 
Compounds derived from these bodies can only be formed by 
breaking up the molecule or removing one or more atoms and 
substituting other atoms for them. To the medical student, but 
one member of the group has sufficient interest to be studied in 
detail: viz., methane, " marsh gas,*' or light carburetted 
hydrogen. This gas is a constant product of the decompo- 
sition of vegetable matter under water, or of the destructive 
distillation of coal, and hence is a constituent of illuminating 
gas. It is the chief constituent of miner's "fire damp." It is 
very combustible in the air, burning with a pale bluish flame, 
and giving a high temperature but little light. When mixed 
with air, it forms an explosive mixture. It may be prepared by 
heating a mixture of 4 parts sodium acetate, 4 parts sodium 
hydrate and 6 parts of lime in powder. 

NaCzHgOj + NaOH = CH4 -|- NaaCOa. 



OBBAHIC CBBHnTBY. 

It' la a colorless, nearly odorltss gad. Density ==: 8 ; sp. gr. = 
0.559. It is not poisonous. 

The higher niembere of this series are found in American 
petroleum, and mar be isolated to a great extent by careful 
fractional dUtiUation. The distillation of petruteum is carried 
ou on a lai^ scale, in certain parts of lh\s country, and a 
variety of products are found in the market, the names of which 
do not have any reference to the chemical composiUon. The 
following are a few of the moat important of these products, 
with their boiling points and uses :— 

nmme. BnUlDg PolBL PrioDiiial ThIh Am. 

Ceed in ice machinea. 
Used to produce cold by 

evftpomlioa, and as an 

HQEesthetic 
Formufeing "air gas." 
As a solvent for fats and 

rubber, hence for clnui; 

ing clolhs. 
So-called " safety oil. 



8.3° C. (65° F.) 



Gasolene. *S.Sf C. (119= P.) 

C Naphtha 82.2" C. (180° F.)) 

B Naphtha- 104.4° C. (220° F.) [ 

A Naphtha- ua.S- C. (300°F.)J 

Beniene- 148° to 160=0. (298° 

to 320° F.) For Tarnishes and paii 
Kerosene, or Refined 

Petroleam - 176° C. (349° F.) For ordinary lamps. 

Mineral Sparm Oil... 218° C. (424° F.) 

Lubricating OU 801° C. <574'' F.) 

Paraffine Solid. 

The vapors of all the lighter products when combined with air 
tiirm explosive mixtures, and hence, laws exist in most countries 
prescribing the lowest temperature at which kerosene shall give 
an inflammable vapor, or at which it shall " flash." The law of 
the State of New York declares that oils used for illuminating 
purposes shall not give a vapur that will " flash " below 100° F., 
and shall not themselves ignite below a temperature of 300° F. 
Fossil resins, bitumen, ozocerite (animal wax), all belong to this 
group of hydrocarbons. 

528. The Olefines, or C„H„ Series.— The defines differ 
from the parafEnes in being unsaturated compounds. The first 
member of the series, ethylene, CS,, combines directly with 
chlorine, forming a thick, oily liquid, from which the discoverers 
named it olefiant (oil making) gas. The iodide and bromide may 
also be formed by direct union. The olefines combine with the 
bydracids. 

C,H« +HC1 = C,H6CI. 

Ethylene (olefiant gas), CiHi, is found in illuminating gas, the 
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illumiDating power of which depends largely upon its presence. 
It b a colorless gas, of a peculiar, pungent odor, and is soluble in 
strong H3SO4, with which it combines. It burns in the air with 
a bright, luminous flame. Its sp. gr. is .9785 ; density, 14. 

The higher members are unimportant; of these butylene, 
CiHg, is liquid or solid at ordinary temperatures. 

529. Acetylenes, CnHan_2 Series. — This series of hydro- 
carbons fall short of saturation by four monad atoms, and can, 
therefore, act as dyad or tetrad radicals. Acetylene, CjHj, com- 
bines directly with either two or four atoms of chlorine, bror^ine 
or iodine. Nascent hydrogen converts it into ethylene, CJIi, 
and oxidizing agents (potassium permanganate, etc.) into oxalic 
acid. Acetylene is formed whenever kerosene or coal gas is 
incompletely burned, and gives the disagreeable odor detected 
in a room when the lamp is turned low. It exists in coal gas, 
and possesses a high illuminating power. 

530. Fourth Series. — General Formula, CnH^a-*. This 
series of hydrocarbons includes turpentine and a large number 
of other so-called essential, or volatile oils. These oils are mostly 
isomers or polymers, having the formula CioHje, or a multiple of 
this. 

Turpentine is extracted from several varieties of the conifera 
&mily, notably the pine. When turpentine is distilled, the 
hydrocarbons volatilize, while resin remains behind. Oil of tur- 
pentine is a mobile, colorless liquid, with a sp. gr. of 0.89, and 
boils at 160° C. (320° R). It is almost insoluble in water, hut 
dissolves in alcohol, ether, and glacial acetic acid. It dissolves 
sulphur, resin and phosphorus. It absorbs oxygen from the air 
ana becomes oxidized, forming a resinous body. The absorbed 
oxygen is converted into ozone, and this explains its oxidizing, 
disinfectant and antiseptic action. As the oxidation of turpentine 
takes place more rapidly when mixed with lead oxide, this oxide 
is often intermixed with the turpentine in paints, to increase the 
rapidity of drying. It attacks lead rapidly, but not tin. 

A paper dipped in turpentine and introduced into a jar of 
chlorine gas inflames spontaneously, forming substitution pro- 
ducts. Iodine and bromine have a similar action upon it. It 
unites directly with HCl, producing several hydrochlorides. 

Oil of Lremon, obtained from the peel of the common lemon, 
Citrus lAmonum, oil of orange peel, cloves, juniper, pepper, 
elemi, lavender and bergamot, belong to the same class, naving 
the formula CioH,6. All the essential oils, however, do not 
belong to this series of hydrocarbons. Oils of copaiva and 
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cubebs have the formula C,JI», while caoutchouc and gutb 
percha are higher potymera of the above. 

The principal characteristics of these essential oils are their 
wlors, variations in the rapidity of oxidation, reaction with 
hvdrochloric acid, and physical properties. They are soluble in 
afcohol, ether, benzole, petroleum, naphtha, chloroform, carbon 
pisiilphide, parafhne, and other volatile oils, and in the fixed oils. 
rbey may be separated from their alcoholic Bolution by adding 
water, or a solution of sodium sulphate. They are not saponified 
by alkalies, 

531. Caoutchouc, or India Rubber, is the dried milky 
juice of several tropical trees. The fresh juice is acid. It is a. 
mixture of several hydrocarbons which are insoluble in alcohol 
and water, but soluble in sulphuric ether, beniole, chloroform, 
carbon disulphide and turpentine. When cold, it is hard and 
tough, but on heating, it becomes soil, elastic, and finally melts, 
and on cooling, remains soft and viscid. It is much used in 
making elastic, water-proof fabrics, elastic tubing, etc., and ia 
acted upon by but few reagents. The black color of the com- 
mercial article is due to smoke and partial decomposition. 

Caoutchouc combines with sulphur. Vulcanized India- 
rubber is obtained by mixing it intimately with sulphur, by the 
aid of carbon disulphide, to the extent of two or three per cent., 
and afterward heating. Common white rubber goods, as rubber 
tubing, etc, are also mixed with oxide of zinc and other impuri- 
ties to a very large extent, in some cases but a few per 'cent, of 
rubber being used. When mixed with about half its weight of 
sulphur, a hard, horny mass, called Vulcanite, or Ebonite, ia 
produced, which is used in the manufacture of comha, cheap 
jewelry, etc. When heated, caoutchouc decomposes, but does 
not volatilize. 

Gutta-percha is the hardened, milky juice of Isonandra 
Gutta, a tree growing in some parts of India. It resembles 
caoutchouc, but is harder and less elastic. In hot water, it 
becomes quite soft and can be moulded into any shape, which it 
retains on cooling. With solvents and high temperatures, it 
behaves like caoutchouc. 

CAMPHORS. 

532. Common Camphor,'CioII|BO, is obtained in China and 
Japan by distilling the branches and leaves of Laurus Camphora 
with water. It ia a white, traualucent, crystalline mass, having 
a powerful, peculiar, pungent odor and taste. It is readily 
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purified by aublitnation at 205° C. (401° F.). It melts at 1 
C (347° F.) and burns with a Bmoky flame. Campbor is very 
sligbtly soluble in water, but readily soluble iu alcohol, ether, 
acetic acid, benzole, chloroforna, carbon disulphide, fixed and 
essential oils. Aqua CamphorEC and Tinctura CamphorsE 
are officinal, and it enters into the composition of Linimen- 
tum Camphorse, Liniment. Saponis, Tinctura Opii 
Camphorata. 

Camphor forms a large number of decomposition products and 
derivatives under the action of reagents, but we shall notice but 
one of these. 

Monobromo-camphor — Camphora Monobromata (U. 
S. P.), CjoHisBrO, is prepared by adding bromine to a solution of 
camphor in chloroform, by which camphor dibromideia obtained. 
This compound is unstable, and on standing, sets free hydro- 
bromic acid and forms monobromated camphor, which crystal- 
lizes in colorless, prismatic needles or scales, permanent in the 
air, having a mild camphoraceous odor and taste, and neutral 
reaction. Its solvents are essentially the same as those of 
camphor. It melts at 65° C. (149° F.), boils at 274° C. (525° F.), 
ftnd is volatilized with partial decomposition. In medicine it 
is used as a sedative. 

Eucalyptol, Ci,Hj„0, is a colorless liquid, boiling at 175° C. 
(347° F.), and possessing an aromatic odor. It is contained iu 
the leaves of the Eucalyptus Globulus, a tree growing in 
Tasmania. On account of its supposed eflect upon miasmatic 
atmospheres, it has been cultivated in southern Europe, the 
United States and northern Africa. By distilling it with 

Ehosphorus pentachloride, PCls, eucalyptine, CuHib (by some 
ioHibX is obtained. Eucalyptol is slightly soluble in water, 
but soluble in alcohol. The oil has feeble antiseptic properties 
and baa been used in bronchitis, cystitis, and in intermittent 
fevers. 

Menthol,* or Menthyl Alcohol, C,„Ha,0, is a white, solid, 
crystalline body occurring in oil of peppermint, and possessing a 
strong odor of this plant. It melte at 36° C. (96.8° F.) and 
boils at 210° C. (410° F.) Menthol is soluble in alcohol and 
the essential oils. 




e io soluble ii 
and glycerine 
tion from { 



252 OUGANIC CHEMISTRY. 

RESINS, OLEO-RESINS, GUMS, BALSAMS.' 

533, Many of the bodies of the turpentine and eaaential oil 
series above meotioned, when exposed to the air, undergo a 
process of oxidation or hardening, became viscid or eolid, and 
exhibit an acid reaction. 

Such bodies, when brittle and solid, are called resins ; when 
composed of unoxidized oils mixed with resins, they are called 
balsams ; when the resins exist in the juices of plants mixed 
with gum, sugar, etc., they are called gum-resins. Each 
one of these bodies is generally a mixture of several bodies, 
and, therefore, no definite chemical formula can be given. They 
1 water, but soluble in strong alcohol, turpentine 
; many are soluble in ether and benzole (separa- 
is); many are weak acids, whose alkaline salts 
form the resin soaps of the market. Many reaios are used in 
medicine, in the manufacture of varnishes, sealing wax and 
salves. 

The resins soften when heated, but do not vaporize. The 
separation of resins from volatile oils and acids, is effected by 
distillation with water; from gums, by fusion and straining 
at 100°C. (212°F.) ; and from each other, as well as from foreign 
substances, by properly selected solvents. 

Only the most important reains can be described. Common 
resin, or colophony, is the residue left by distilling the balsam of 
the pine with water. Turpentine passes over, and leaves a brown, 
brittle, shining mass, which, when melted, forms common resin. 
It is soluble in alcohol, ether and oils. 

Copal is a yellowish or brown resin, obtained from various 
trees of the East and West Indies and Africa, and is used in 
preparing varnishes. 

Amber is a yellowish, hard, brittle, more 0( less transparent 
solid, found on the shores of the Baltic, and calle'd fossil resin. 

Ammoniacum contains 72 per cent, resin, 22 percent, gum, 
and a little volatile oil. 

Benzoin contains 75 per cent, reain, 10 to 15 per cent, of 
benzoic acid, a little gum and volatile oil. 

Balsam CopaibEC consists of several resins and a volatile oil. 

Guaiacum is a brittle, pulverizable solid, of a reddish-brown 
color. The gum dissolves in -alcohol. It readily undergoes 
oxidation, producing bright colors. A mixture of the officmal 
tincture and oil of turpentine is frequently employed as a reagent 
for detecting blood in urine, with which it strikes a blue color 
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Gum Lac, or Shell Lac, is an exudate from several East 
Indian trees, cnused by punctufes of insects. It contains about 
I 90 per cent resin, aod a coloring matter soluble in water. It is 
' soluble in aJcobol, tbis solution being used as a varnish. 

Among the balsams, storax, tolu, and balsam of Peru may 
be mentioned. Among the gum resins, the following are most 
important: Ammoniac (see above), galbanum, gamboge, 
myrrh and asafoetlda. 

BENZOL OR AROMATIC SERIES. 

534. One member of tbis series is of considerable importance : 
iz., Benzol, or benzene, Tbis compound, CsH,, must not be 

confounded with benzene, which is a trade name, and is used to 
designate a mixture of hydrocarbons having a variable com- 
position and boiling point. Benzol was formerly prepared by 
distilling benzoic acid nitb lime. At present it is obtained in 
large quantities by the distillation of coal tar from gas works. 
Benzol is a colorless, limpid, highly refractive liquid, with a p&- 
culiar odor and burning taste. It burns with a smokv flame, 
and is insoluble in water, but soluble in alcohol, etner and 
naphtha. It dissolves sulphur, phosphorus, iodine, resins and fats. 
Benzol, with its homologue. Toluene CvH,, is very interesting 
to the chemist, because they serve as the starting point in the 
synthesis of a large number of coloring matters known as aniline 
colors. 

NAPHTHALENE AND ANTHRACENE. 

535. Naphthalene, C,oHa, is obtained from coal tar by distil- 
lation between 180°C. and 220°C. It comes over with heavy oils, 
but crystallizes from them in white, glistening, leafy crystals, of 
a peculiar, aromatic odor and burning taste ; it melts at 79.2''C. 
C174,5°F.), is insoluble in water, but soluble in hot alcohol, ether 
or benzene. 

The principal interest of naphthalene to the physician is its 
value as an antiseptic dressing for wounds. For this purpose it 
must be thoroughly purified by reerystallization from alcohol, 
or by distillation with steam. 

Anthracene, C„Hio, is a white, crystalline body obtained 
from coal tar, distilling above 360°C. (680°F,). 

It is of great interest to the chemist, being the starting point 
in the manufacture of alizarine, or artificial madder. Its solu- 
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tiona possess a beautiful blue fluorescence, a property observed 
in many of the heavier hydrocarbons derived from coal tar and 
petroleum; i. e., their solutions are colorless or yellowish by 
transmitted light, but wheu viewed by reflected light, appear 
bluish. The phenomenou is well seen in solutions of quinine 
sulphate. 

536. Addition Products are readily formed from unsatu- 
rated hydrocarbons like the olefiues or acetylenes. One mole- 
cule of the hydrocarbon always unites with two or four atoms or 
radicals added. It is especially the atoms of the chlorine group, 
or their hydracids, which are thus added ; but hydrogen, as well 
as other hydrocarbon radicals, may also be added. 



C,H< + CI, =CjH,Cl,. 

Btbylene. Elliylaoa cblorids. 

C.H, + HCl = C,HsCl. 
Blhyl chlnrida. 



-HOCl=CaH, 



CI. 

DntvdriiH 



il 



537. Substitution Products. — One or more of the hydi 
gen atoms of the various hydrocarbons may be made to exchange 
places with either simple or compound radicals. Indeed, we 
might regard all the complex organic bodies as made up in this 
way. Thus, ethane, C,Hs, may be regarded as a molecule of 
methane, CH,, in which one hydrogen atom has been replaced 
with the radical CHj. Thus : 

,H ,CHj 

C— H + CHj = C— H + Hj. 

The limits of this work will not permit us to enter into the 
various reactions by which all these substitutions are brought 
about ; the student la referred to special works on organic chem- 
istry for these reactions. 

538. Organic Radicals. — In organic chemistry, as in inor- 
ganic, although to a greater extent, we are constantly dealing 
with certain well defined groups of atoms, which retain their 
identity through a large series of compounds and behave in 
chemical reactions like simple radicals or atoms. 

It is evident that by removing one or more atoms of hydrogen 
from any saturated hydrocarbon, the remaining group of atoms 
may act as a compound radipal ; while the unsaturated hydrfc 
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carbons of the acetylene or olefins series may act aa railicala 
without the removal of any hydrogen atoms. 

These faydrocarboD radicals are usually designated by the ter- 
mination yl. Thus : CH., ia known as methyl ; C,H.:„ as ethyl ; 
CoHa, as phenyl. These radicals are called, collectively, hydro- 
carbon or alcohol radicals, and the quality of their combining 
power is feebly electro-positive. 

539. Synthesis of Organic Compounds. — The principal 
interest of chemists in recent years io the department or organic 
chemistry, is centred upon the synthesis of orgaoic compounds. 
By these synthetical methods the chemist imitates, to a limited 
extent, the processes of animal and vegetable organisms. The 
natural tendency of all organic compounds is to break up com- 
plex molecules and form simpler ones, while it is the aim of 
eynthetical methods to reverse this process and build up complex 
molecules from simpler radicals, adding little by little until the 
structure is complete. 

It is principally from synthetical reactions that we can arrive 
at a knowledge of the structure of complex organic badiea. 
With these synthetic methods, chemists have achieved great 
success in' the artificial production of ulizuriQe (the coloring 
matter of madder), indigo, salicylic acid and the great variety of 
aniline colors, which stand among the greatest achievements of 
modern science. 

Although we have not space to dwell upon the subject here, 
we introduce a few reactions from Cook's Cliemieal PliUoaophy, 
which will give the student an idea of the succession of steps 
by which these ends are attained. From the elements, by 
passing the vapors of sulphur over heated carban, we obtain 
CS,. 

From HjS -f CSj passed over heated copper, we obtain CuS -|- 
CHi. The electric arc passed between carooa poles in an atmos- 
phere of hydrogen yields acetylene, Cj -j- H, ^ C,H,. 

CH, + nascent hydrogen =^ CjH,. 

C,H, + HBr = C,H,Br. 

ElhjloM. Hydrubrooao Blhjl brumlde. 

CjHgBr + nascent hydrogen = C^H, + HBr. 

2C,H„r + (CH.),Zn =- 2CjHsCaa 4- Znl,. 
Rth;l ludiae. Zinu Ueibyl. Fn^paue. ZUic Li-Ma. 

C,H,I + KOH = C,Hfl + KI 4- H3O. 

Iodide. Hjinu" "*" '' 

C,B^Bt, + 2K0H = CjHs + 2KBr + 2HjO. 
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These reactions will suffice to show the methodB of converting 
the hydrocarbons from one homologous series to another, or from 
a lower to a higher member in the same series, 

540. Alcohols. Aa shown in Article 319, the hydroxy! group 
( — OH) may be substituted for one atom of hydrogen in any satu- 
rated hydrocarbon. The resulting compound is called an 
alcohol. An alcohol may also be looked upon as one or more 
molecules of water in which one of the two atoms of hydrogen 
has been replaced by a hydrocarbon radical, and they are all 
referable to the water type. 

CHj— 0-H, C,Hs— O— H, C^H,- 



asthji Ai 



Suljl il 



If we replace two atoms of hydrogen which are not united to 
the same carbon atoms, by the radical HO, we form what is 
known aa a diatomic alcohol, or glycol. Thus, 
CH,— CH, gives HO— CHj— CHj— OH. 
If three atoms of hydrogen united to three different carb«Mi 
atoms be replaced by HO, a triatomic alcohol, or glyccrincj 
is produced. Thus — 

CHj—CHi-CHj Rives HO— CHj— CH-CHj-O^ 



2 and hexatoniie alcohols are known. 

a molecule of water, both the atoms of 
hydrogen be replaced by hydrocarbon radicals, an ether is pro- 
duced. When the two radicals e 



I 



simple ether ; 
Examples of si 



rhen unlike, it h 
iple ethers-^ 



C,H,-0— GjB,. 

BttajUc ether or elbylia oi 

Examples of mixed ether — 

-O— C,I 



Haloid ethers, s 
products containing o 



]H?th;1-eth}lic ether. 

D-called, are the addition or snbeljtutfi 

ue of the halogen elements; as, — 
C,HsBrorCH,Cl. 
Compound ethers are formed by replacing oi 
hydrogen atoms in a molecule of water by a hydrocarbon nidici 
and the other by an acid radical ; as, 

O-CHjO. 



542. Aldehydes. — Thia class of bodies are formed in the 
first stage of the oxidation of alcohols, and are intermediate be- 
tween alcohols and acids. They differ from the corresponding 
alcohols by having two atoms oi hydrogen removed ; thus, ethyl 
alcohol, C,Hs— 0— H forma CjHj— O— H, ethyl, or acetic alde- 
hyde. Aldehydes by oxidation yield the corresponding acid. 
It will be observed that, as two atoms of hydrogen have been re- 
moved without putting any atoms in their places, aldehydes are 
unsaturated bodies. On this account, they are very liable to 
undergo changes with reagents. Hydrochloric and sulphuric 
acids and some other bodies convert acetic aldehyde, on stand- 
ing, in to two isomeric bodies called paraldehyde and metalde- 
hyde. Ordinary aldehyde may be easily prepared by the alow 
or incomplete combustion of ether vapor. Heat a glass or iron 
rod and plunge it into a jar containing a little ether vapor, and 
the peculiar, pungent odor of aldehyde will be detected. Ordi- 
nary aldehyde is of little importance to the physician. 

Paraldehyde, C,H,A> or (C,H.OH)„ has been introduced 
lately as a substitute for morphia. It is a liquid at ordinary 
temperatures, but forms a white, crystalline solid at 10° C. 
(50° F.) ; it is but slightly soluble in water. 

543. Chloral is an aldehyde in which the three hydrogen 
atoms of the radical are replaced by chlorine atoms; thus: 
C,H,— 0— H and C,C1,— O— H. 

Chloral is prepared by passing dry chlorine into absolute alco- 
hol nntil saturated, and then adding sulphuric acid and distilling 
off the chloral. It is thus obtained as a colorless liquid, having 
a pungent irritating odor, and boiling at 94.5° C. (202° F.) It 
is a true aldehyde, which, by oxidation with nitric acid, gives 
trichlor- acetic acid, CjClaOjH, a colorless, crystalline solid, 
which is soluble in water. This acid has been recommended as a 
test fur albumen in urine. Chloral is converted into chloroform 
and a formate by the alkaline hydrates. 

CjCljOH -h NaOH --- NaCHO, + CHCI,. 
Hjdmto. 

It unites with water to form chloral hydrate, CjCljOH.HjO, 

a colorless, transparent, crystalline solid, having an aromatic, 
pungent odor ana taste, and a neutral action on litmus paper. 
It is freely soluble in water, alcohol, ether, glycerine, benzine, 
fixed and volatile oils. When mixed with carbolic acid or 
camphor, it liquifies. It melts at about 58° C. (136.4° F.) 
and boils at about 95° C. (203° F.). It should be kept in glass 
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stoppered bottlea. Chloral hydrate ia uaed in medicine under the 
name of chloral, to produce sleep. Its long continued use 
induces a chloral habit very difficult to cure, 

Bromal, CBrjOH, ia also known. 

544. Ketones. These bodies are the result of the first action 
of oxidizing agents upon secondary alcohols; i, e., upon an 
aluohol which contains the group of atoms CHOH, instead of 
CHjOH, as in ordinary alcohol. 

By osidiition of these alcohols, the first result is to remove one 
atom of hydrogen, instead of two, as in the aldehydes. 

Acetone, (CH,)— CO— (CHj), is the best known ketone. 
The corresponding secondary alcohol would have the formula 
CHj — CHOH — CH3. Secondary alcohols, when oxidized, yield 
ketones, while primary alcohols yield aldehydes. Ketones, by 
further oxidation, break up and yield two acids, while aldehydes 
yield one acid with the same number of carbon atoms. Acetone 
sometimes appears in the urine of diabetic patients, and is 
detected by tne addition of ferric chloride, with which it gives a 
deep brown -red color. 

siri. Organic Acids. — The characteristic feature of an organic 
acid molecule, is that it must contain the group — COOH (car- 
boxyl), and the basicity of the acid will depend upon the 
nnmber of these groups contained in its molecule. The organic 
Koida partake of the general properties of the mineral acids. 
They may be referred to the water type and considered as one 
or more tuulecules of water, in which one atom of hydrogen has 
boon roplnood b^ an organic compound radical containing 
oxyffun — II negative radical — while the other atom remains as 
roplnccnblo, or basic hydrogen. As in inorganic acids, only those 
ktuiiia of hydrogen which are linked to the carbon or negative 
group by oxygiui are replaceable by a basic or metallic radical. 

Aoid> may 00 formed by the oxidation of an alcohol, an alde- 
hyde or n ketone. The presence of an alkali favors the forma- 
tion of acids. 

Acids maybe monobasic, dibasic, tribasic, etc., according 
u< llipir molomilcB contain one, two, three, etc., carboxyl groups 
(— ('llOHl. Acids may also contain one or more hydroxyl 
pmuiM, (OU), which are not basic, because not immediately 
fttlHiMK^d to or lUindiHtod with CO, to form the carboxyl group. 
Thp hydn>p5on of ihoao hydroxyl groups is called alcoholic 
hydrogen to dintiiiffuish it from the other replaceable hydrogen, 
ilpsi^nnted m bSBIC. The number of hydroxyl groups in a 
lliMleciile of oithrr an alcohol or an acid ia said to be its 



atomicity. It is evident that the atumicity of an acid may 
be greater than its basicity, when it is said to be an al cohol 

Lactic acid,(H-0— C0CH(0H)CII, = (C,H.0 [q^), ib 



a good example of a diatomic and monobasic acid. 
ALCOHOLS. 



546. Having given a brief outline of the several groups of 
bodies which may be considered as derived from the hydrocar- 
bons, viz., alcohols, ethers, aldehydes, ketones and acids, we 
shall now proceed to notice briefly those members which may 
be ooasidared of most importance to the student of medicine ; 
and we shall omit many of the compounds which are of 
chemical interest only. 

Table of Monatomia Alcohols of the Pirst SerleB, with CDrraapondiiiK 



Melbjl AlTOhol (WuiKl Splrill, OEfa-O-H liB" C. Formic ioiii, HOKO, 100" 0. 

Blhrl " (Spirit or Wins), C,H.-0-H ^»A•' 0. AcBaoAcld. HC,H,0, 118° a 

Propil " C,BrJ>-H 07 °C. Propignio Add, Hq,B,0j HI" 0. 

Batjrl " O.H,-l>-^ IWO. ButirioAcM, HC^HjO, IftPO. 

Amjrl, or Pentjl Alcohol O.H,,-0-H 137 " 0. Paolyllo AoLd, HO.H.O, IBS" C. 

HpxjI Alcohol. C.H,.-0-H IM " 0. Hasyllcrdd, HC,H,.0, IWa 

Hopyl " C,H,,-0-H 178 ° C. ffln.nthio, or 

HopIyHoAcld, HC,H„Q, SM" C 

Octyl " C,H.,-0-H 19S " O, Octyfio And, H0,H„Oi 233O0. 

Hfllttdfl MeldDt 

CotjL Alcohol C..H„-0-H 5U°0. PaliBTtIc Acid, nO„H„0, Bi" 'o. 

Caryl " 0„H„-0-H 7B" 0. Cerolk Add. Hci,'B"ol7s" o! 

Moliaajl " C„H,,-0-H 85° C. MelyMic Aold, K0jaH„O,e8" C. 

METHYL ALCOHOL (Wood Spirit). 

547. Methyl Alcohol occurs among the products of the 
destructive distillation of wood, forming about one per cent, of 
the distillate- The alcohol is separated from the other products 
by careful fractional distillation. It is then redistilled after adding 
lime. This is then treated with dry calcium chloride, with 
which the alcohol combines to form a solid, crystalline body, from 
which other impurities may easily be separated ; the alcohol ia 
recovered from this solid by distilling with water. The water 
ia finally removed by treating with quicklime, and distilling at 
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This reactioD accounts for ooly 94 to 96 per ceat. of the s 
employed, the remaining part being transformed into other pro-^ 
ducta, such as succinic acid, glycerine, "fusel oil," etc. The 
yeast plant, under whuse influence this change takes place, is 
"known as Torula, or Micoderma cerevisiae. The sugar to 
be fermented may be from the juices of fruit or sugar-cane, or 
it majr be previously prepared from starch of the cereals by 
the aid of mail or sulphuric acid. The secondary, or side 
products in the fermentation vary somewhat with sugar from 
these various sources, and thus give rise to the different flavors 
of the fermented liquors. The alcohol may be separated from the 
water and other products atler the fermentation by careful frac- 
tional distillation. If it be desired to prepare an alcohol con- 
taining more than 90 per cent., some substance must be added 
which will combine with and hold back the water, as quicklime, 
anhydrous copper sulphate, potassium carbonate, or barium 
hydrate, after which it is again distilled. 

Absolute alcohol is a colorless, limpid liquid, of jtn agreeable 
odor and burning taste. It attracts water and mixes slowly with 
this liquid in all proportions, with the production of heat and 
contraction in volume. It boils at 78.4° C. (173° F.) and has 
never been solidified. It is neutral to test paper and burns 
readily with a non-luminous flame. It dissolves resins, essential 
oils, alkaline hydrates, calcium chloride and a large number of 
organic bodies. Oxidizing agents convert it into aldehyde and, 
finally, into acetic acid. Nitric acid (fuming) decomposes it very 
rapidly, giving a number of acids and ethers. If 90 per cent. 
alcohol is added to a solution of mercury or silver in nitric acid, 
a rapid ebullition takes place, with a crystalline deposit of ful- 
minate of silver or mercury, which explodes by percussion, ' 
and is used in filling percussion caps. The forraulte are 
CN.C(NH,) Ag, and CN.C(NH,)Hg. The alkaline metals attack ,-| 
aloohol and give ethylates of the metals. J 

aCiHsOn -I- Ej = 2CjH50K + H,. I 

Acids form with it compound ethers. 

Physiological Action. — Alcohol is, when concentrated, a 
poison. Even when taken in large doses well diluted, it has 
I ftequentfy caused death, probably by paralpis of the muscles of 
• respiration or of the heart. In full doses, it causes a feeling of 
fwarmth in the stomach, followed by congestion of this organ. 
I After absorption, there is at first a feeling of exhilaration with ex- 
■ alted animal functions, quickened pulse and increased circulation*.^ 
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with dilatation of superficial blood veaaela. This is often accom- 

EBoied and always followed by incoherence of ideas and muscu- 
\T actions, aad finally, a general weakness of all the voluDtacy 
actions. The temperature is lowered, both in health and in most 
diseased conditions. The prolonged use of alcoholic beverages is 
characterized by general degenerative changes, either fatty or 
fibroid. There are no conclusive arguments to prove the bene- 
fit to be derived from the use of alcohol io health, but in 
certain diseased conditions it is of undoubted value. 

Commercial Forms.— Commercial alcohol varies in 
strength from 85 to 95 per cent. The U. 8. P. strength is 91 
per cent, by weight, and 94 per cent, hv volume. Alcohol 
Dilutum contains 45.5 per cent, by weight, or 53 per cent, by 
volume. 

Tinctures are solutions of medicinal substances in alcohol. 

551. Alcoholic Beverages are usually of three classes; 
viz., distilled, fermented and malt liquors. To the first class 
belong spirits, distilled from fermented liquors ; brandy, from 
wine; whisky, from a mash of corn or rye; rum, from mo- 
lasses; gin, from corn spirit flavored with juniper berries. 

To the second class belong the various wines. To the third 
class belongs beer, prepared rtom maltetl barley and hops.* Ale, 
porter and stout difler from beer only in the selection and pro- 
portion of the malt, hops and flavoring materials. 

We introduce here some results of the analyses of various dig- 
tilled liquors, as found in the American market, for the purpose 
of comparison as to the ordinary strength of alcohol (N. Y. State 
Board of Health Report, 1882). 

Bnndy. Wlilskey. Rum. 

Specific Gravity, 0.9297 to 0.0615 0.B018 to 0.9648 0.9123 to 0.9884 



A1 «u 1 /B? Volume, 30 
Alcohol I g^^^jg^j^' 35_ 



o 50.40 28.90 to 60.30 



39 to 12.9 



3.75 t( 



!0.40 t( 



'2,58 21.6' 



It seems, therefore, that there is a great variation in the 
strength of these liquors as ordinarily sold ; and while they are 
supposed to contain from 40 to 50 per cent, of alcohol by volume, 
in reality, they usually contain from 35 to 45 per cent. It is, 
therefore, a very uncertain way of prescribing alcohol, to pre- 
eeribe any one of these beverages. A much more certain metnod 






«■ very genecally used to take the place of part of the 
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ia to prescribe nicohol of known strength, flavored with etheM 
essences, and soilened with glycerine or syrup. 
Wines contain from 6 to 2d per cent, of alcohol. 

Port Wine 16.82 to 23,2 per i 

Sherry" 18.00 to 25.0 

Bordeaux, Bed B.85 to 13.0 

'■ White 11.00 to 18.0 

Champagne '. 6.80 to 13.0 

BeerB and porters cootaia from 1 to 10 per cent., avera„ 
about 4 to 5 per cent, by volume. The average of extractive 
matters (dextrin, cellulose, sugar, lupuJin and hop resin) is 4 to 
15 in ale, 4 to 9 iu porter, and about 6 per cent, in beer. All 
alcoholic beverages are subject to gross adulterations. Artificial 
beverages are frequently sold in all markets. 

552. Amyl Alcohol— Fusel Oil,* Potato Spirit, 
CiHiiOH. This alcohol is formed in small <[uantities at the 
same lime with ethyl alcohol, during the fermentation of barley, 
corn, and especially potato mash. It is prepared from the 
residue left in the still, after the common alcohol is distilled ofT, 
by fractional distillation. The product coming over at 132° G. , 
C:i69° F.J >3 that collected. 

' is a colorlees, oily liquid, possessing a peculiar, irritating 
■ which excites coughing, and a burning taste. It is not 
niiscible with water, but mixes in all proportions with alcohol ' 
and ether. It is a good solvent of certain alkaloids. Taken 
internally it acts as a poison, both in the form of vapor a 
when taken by the stomach, producing dizziness, headache and 
intoxication. Much of the unwbolesomeness of im|)erfectly 
rectified spirituous liquors arises from their contamination witV 
fiisel oil. 

The principal use of fusel oil is as a source of arayl etherBjH 
which are used extensively to prepare artificial flavoring 
extracts. Thus, the acetate has the odor of pears, and is used by 
confectioners under the name of " pear oil," while the vale- 
rianate is used to give the flavor of apples, and called " apple 
oil." The special description of the remainder of the moo; 
atomic and the diatomic alcohols, or glycols, will be omitted, i 
they are comparatively unimportant. 

of aeveral alcohols of whid 
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TRIATOMIC ALCOHOLS, OR GLYCERINES. 

553. Ordinary Glycerine, C3H5(OH).i, was discovered by 
Soheele in 1779, and was called by him the Sweet principle 
of oils. It is prepared on a large scale from tbe neutrnl iat^, 
as a side product id the manufacture of soap and candles. These 
fatty bodies are composed of fatty acids in combination with 
glyceryl, the radical of glycerine; i.e., they are compound ethers 
of the fatty acids and glyceryl. On treating these ethers with 
alkalies a salt of the alkali and acid is formed, termed a soap ; 
the glycerine is set free by the reaction and remains dis- 
solved in the water present. This process of decomposing a 
compound ether into an alcohol and acid or salt of the acid is 
called saponification. Neutral fats can also be s^onified by 
treating them with superheated steam, which is the process now 
usually employed, in caudle factories, at least. The glycerine is 
' freed from the water by evaporation, and finally, by distillation 
with the aid of superheated steam. Glycerine is also formed 
during alcoholic fermentation, and is found in wines, etc. It is a 
colorless, syrupy liquid, possessing a sweetish taste and no odor ; 
density 1.28 at 15.5" C. (60" F.). The officinal glycerinum has 
a density of 1.25. It is soluble in all proportions in water and 
alcohol, but not in ether. It absorbs water readily (hygroscopic) 
until it has absorbed twice its own volume. Its range of solu- 
bility is large, as will be seen by the table in the appendix. 
When heated in air, it boils at 290° C. (654° F.), and distills 
with partial decomposition. At low temperatures, it forms, under 
certain circumstances, a crystalline moss. When heated in the 
air to a high temperature, it takes fire and burns, leaving no 
residue. Boracic acid imparts a green color to its flame, or to a 
flame directed upon a platinum wire moistened with it. (This is 
one of the most convenient testa for boracic acid.) Chemically, 
glycerine is, as above stated, a triatomic alcohol ; i. e., it contains 
three hydroxy! groups. When oxidized, it yields glyceric acid. 
It is capable of undergoing some kinds of fermentation, as 
butyric fermentation. It unites with the alkalies and alkaline 
earths soluble in water, and thus prevents the precipitation of 
some of the metals by reagents which ordinarily precipitate 
them. It prevents the precipitation of copper hydrate by sodium 
or potassium hydrate, and has been recommended for this purpose 
in the preparation of Fehling's test solution for glucose. 

Glycerine is sometimes adulterated with glucose, cane sugar 
syrup and water. The first and second of these will usually be 
easily detected by adding a solution of sodium hydrate (caustic 
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Boda) and enough copper sulphate to irapiirt a blue color, and 
boiling fur a few minutes, when the red cuprous oxide will be pre- 
cipitated if these be present. The preaeuce of water may be 
detected by taking the specific gravity, which should nut be below 
1.25. Glycerine is the basis of the tnaiiufkcCiire of nitro-glycerine 
used in various forms of blasting agents, such as " dualine," " dyna- 
mite," " giant powder," " rend rock," etc., which are usually com- 
posed of nitro-glycerine and some porous aiibstance in powder form. 

Sulphuric acid combines with glycerine to form glycero- 
sulphuric acid. Glacial, or metaphosphoric acid formaj 
glycero-phosphoric acid. Jl 

C.HJOH),— POj-^0=Hs. I 

This acid is one of tbe decomposition products of lecithin ami"" 
protagon, two complex bodies found in nerve substance, especially 
of the brain. The acid itself has been found in the brain, nerves, 
muscles, yolk of egg, bile and pus. The phosphorus present in 
nerve matters probaoly exists iu the form of either lecithin or 
protagon, both of which contain glycero-phosphoric acid. The 
salts of glycerine and organic ncids will be referred to later. 
(See Neutral Fats.) 

(NO, 

554. Nitro-glycerine, or Glyceryl Trinitrate, CjHsJ NO,. 

(no, 

— When glycerine is allowed to flow in a slow stream into a 
mixture of strong nitric and sulphuric acids kept cold by a 
freezing mixture, and the mixture afterward thrown into a large 
quantity of cold water, there separates out a heavy, colorless, 
poisonoaa oil — nitro-glycerine. It crystaliizea at —20" C. (4° 
F.) ; sp. gr. 1.6. When inflamed iu air, it burns quietly and 
rapidly; but when ignited by percussion or quick heating, 
especially in a confined space, it Bxplodea with terrific violence, 
and hence is much used in blasting. 

S35. Tetratomic Alcohols. — None of this class of alcohol 
are of sufficient importance to be discussed here. 

HEXATOMIC ALCOHOLS. 

Fcirmula, CnHi„^4(0H),. 
556. In the hexatomic alcohols the six hydroxyl radicals are 
united to six different carbon atoms, ho that there must be 
carbon atoms in the nucleus. This class of alcohols include— 
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557. Mannite. — This is the sweet principle of manna, and is 
found widely distributed in the vegetable kingdom. It occurs 
in celery, fungi and sea weeds, in the sap of the larch, the 
exuded aap of the apple, cherry, lime, etc., and the exuded aap of 
Fraxinus Omus, which in the dry state forms commercial 
manna. It may be prepared artificially by acting upon grape 
sugar with sodium amalgam (nascent hydrogen), or by the so- 
called raucous and butyric fermentations of sugar. 

To obtain it from manna, dissolve in half its weight of boiling 
water, add some albumen, to clarify, and filter through cloth. 
On cooling, the manna separates out. It may also be obtained 

Sure by CKtraeting manna with hot alcohol, and crystallizing, 
t forma fine, silky needles when crystallized from alcohol, but 
lai^e, transparent, rhombic prisma from the aqueous solution. 
Mannite is intensely sweet, sparingly soluble in cold, readily 
soluble in hot water and alcohol, and insoluble in ether. It can 
readily undergo lactic and butyric fermentations, but not alcoholic. 
It unites with many metallic oxides, and also forms a large num- 
ber of compound ethers. Mild oxidation produces tnanoitose, 
CHtOCOHJs. By further oxidation, it forms mannitic acid, 
0,H.(0H)sC0.OH, and saccharic acid, aH^COH), I coOH" 

558. Dulcitc. This isomeride of mannite is found in dul- 
cose, or dutcite manna, a crystalline substance from Madagas- 
car, and in several plants. It has been prepared from milk 
sugar by treatment with sodium amalgam. The properties of 
dulcite resemble those of mannite. 

Sorbite is a third isomeride of manna, found in the mountain 



CARBOHYDRATES. 

559. Closely allied to the alcohols, and by some classed as 
alcohols, is the class of bodies known as carbohydrates. They 
contain six, or a multiple of six carbon atoms, and twice as 
many atoms of hydrogen as oxygen. 

They may be divided into three groups ; — 
(1) SACCHAROSES. (2) GLUCOSES. (8) AMTLOSES. 



0„B 

-l-Caae Siii»r. 
+ Milk Sugar. 
-f-Melitoae. 
-f-Melbltose. 
-j- My cose. 
Syaaathroae. 



-J- Dei t rose, 

(Grape Sugar). 
— Levuloae. 
4'OBlactose. 
—Sorbin. 

laoaite. 



(O.H„. 



CelluloBe. 
Tunic! 



LQ Iboe eonpooBde occar Rsdy formed, either in plant or 
nal w^aaifms. The three groops are connected by a cln^ 
rehlMivhip; indeed, thcee of 1 and 3 are easily converted into 
tbe glocoees by fermente or by boiling with dilute acid^, by 
which vKter is added to them. The saccharoBes end amyloBes 
UMf be regarded as anhydridee of the glucoHs. The chemical 
COUthntiea of only a few of these bodiea ie knonn, and the 
Bolecnlu- waght, with certainty, of none. 

Thi^ all have the paopntics of polyatomic alcohols, and a few 
hAave ako hke the aldehydes. The members of groups 1 aod 
34KsHiK«ui water, have a sweet taste and are called sugars. 
lla« «f ihem are flptically active, or po«se^ the power of 
mating the ^ne of polamed light to the right (dextrogyrate) 
ortoti^ left faaod < lievogynte). The right-handed Bulwtanccs 
an mariied — , and the t^-kaaded — ^. 



I 



(I) SACCHAROSES. 

$(iO. Cane Sugar. — Cane sugar occurs in the juices of man; 

flaiits. in mwt sweet fruits, in the nectar of flowers aud in honey, 
t is found in large qnanlity in the juic« of the sugar cane (Sac- 
chanim OiBcJuaniniX in sorghum (Sorgho Saccharatum), in 
bect-rwot, sugai^maple and In several species of paJm. 

Sugar is oblaineil principally from sugar cane, beet-root, sor- 
ghum and the nmplc, while some attempts have been made to 
obtain it from the common maiie. 

The juiw of the sugar cane is expressed by passing the stalks 
bcttrom ste«) rollers; this is then mixed ivith milk of lime' and 
heated b.^ boiling to [treoipitate the coagulable materials, phos- 
phate, etc.; those are removed, and the clear liquid evaporated, 
^thtf in open pans or in vacuum pans under a reduced pressure, 
to a thick srrup. and then left to crystallize. The " raw sugar " 
fe drained tVi>m lhe"niother-liquor," which is further evaporated 
tmi again left to crvslaltiie. There is finally left a thick, brown 
"■ "' called mol^isw, or treacle, containing uncrystalliwible 

._* taw supw is refinetl by dissolving in water, adding lime, 
r - I i]rt.rinc through thick layers of bone charcoal to remove 
I- iheii evai>onHed in vacuum pans and allowed to 

-,,i.-*r ery»t*lli«» in large, transparent, monoclinic 
tai«K«'V teea in rock candy. It is sduble in one-third 
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its weight of colli, and in all proportions in hot water. It is 
slightly soluble in weak, but almost iusoluble Id absolute alco- 
hol. It melts at 160" C. (^20" F.), and solidifies, on cooling, to 
an amorphous mass, called " barley sugar," 

The rotary power of sugar, in solution, is taken advauti^ of 
for its quantitative determination. The saccharometer is the 
instrument in common use for this purpose ; its use depends 
upon the principle, that, in a solution of definite thickness, the 
rotary power of the solution is dependent upou the per cent, of 
sugar present, and by measuring the amount of rotation of the 
li^t, the amount of sugar in the solution can easily be determined. 

When cane sugar is boiled with dilute sulphuric acid, it takea 
up water and is converted into a mixture of dextrose and leva- < 
lose, called inverted sugar. ^m 

C,,Hi,0,, + H,0 = CH,,0, +C,H,,jO,. fl 

The same change takes place under the influence of yeast, 

Erobably from some soluble ferment contained in it, When 
eated above its melting point, it gives ofi* water, turns dark, and 
forms a bitter, brown, amorphous substance, called caramel. 
At a higher temperature it contiaues to lose water, decomposes, 
and gives off inflammable gases, coDsisting of marsh gas, and 
carbon monoxide and dioxide; at a higher temperature a distillate 
is obtained containing aldehyde, acetic acid, acetone, etc. Htrong 
sulphuric acid chars sugar, leaving a black, voluminous mass. 
Dilute nitric acid oxidizes cane sugar to saccharic acid, then into 
tartaric, and, finally, oxalic acid. Concentrated nitric and sul- 
phuric acids form with sugar a nitrate, 0„HiaO,(NOs)„ which is 
amorphous and very explosive. On heating with sulphuric acid 
and manganic oxide, a large quantity of formic acid is formed. 
Cane sugar forms a series of metallic compounds called sucrates, 
or aaccharatea. An aqueous solution of sugar will dissolve 
calcium, barium, ma^esium and lead oxides, and, with an alkali, 
copper and ferric oxides also. The barium salt crystallizes well. 

MILK SUGAR. 



561. This is an important ingredient of the milk of mammals, 
and ifl prepared principally from cowa' milk by evaporating the 
whey after removing the cheese. Cows' milk contains from 4 to 
5 per cent, of sugar, while woman's milk contains from 6 to 7 
per cent. It crystallizes in large, hard prisms, has a feebly sweet 
taste, and is soluble in 6 parts of cold water. Yeast ferments 
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it with difficulty. Lactic and butyric fermentations take plat 
readily. Oxidizing agents yield niucic and saccharic acida. ,' 
forma compounds, like cane sugar, with metallic oxides, and r 
duces alkaline copper solutions. 

The remaining members of this group are unimportant. 

(2) GLUCOSES. 

562. Dextrose, or Grape Sugar. — This sugar is w 
difliised through the vegetable kingdom, occurring in grapes, 
honey, in most sweet fruits, sprouting grains (Malt) etc., usnally 
mixeil with an equal weight of levulose. It occurs in smalt quan- 
tities in the blood, yolk of eggs, and urine, and in larger quantity, 
in diabetic urine. It is manufactured on a large scale &ori corn 
starch by boiling with dibite sulphuric acid, neutralizing with 
lime, drawing off the clear syrup after settling, and evaporating 
it down to a thick syrup and allowing it to crystallize. Dextrose 
is less sweet than cane sugar, 2i parts of the former giving the 
sweetening power of 1 part of the latter. It is frequently used to 
adulterate the light-brown varieties of cane sugar. When present 
in considerable quantities (5 per cent.) it may often be detected 
by its property of mashing between the teeth instead of crush- 
ing like cane sugar. Dextrose crystallizes with some difficulty, 
and, as usually met with in the market, it does not present to 
the naked eye a distinct crystalline appearance. It easily under- 
goes oxidation, especially in alkaline solutions, and thus acts as 
a reducing agent. It readily reduces silver, copper, bismuth and 
mercury salts In alkaline solutions. Silver, if ammonia be pres- 
ent, is reduced to the metallic state and deposits as a brilliant 
mirror ou the surface of the vessel in which it is heated. 

The ordinary methods of detection and estimation of dextrose 
depend upon its reducing power. Fehling's solution, which is in 
common use as both a qualitative and quantitative test for dex> 
trose, is a solution of 34.64 grnis. of pure crystallized copper sul- 
phate, 173 grras. of Rochelle salt, and 80 grms. of sodium hydrate 
in a litre of distilled water. 1 c.c. of this solution is exactly re- 
duced and decolorized by 5 milligrams of dextrose. For quali- 
tative detection, alkaline solutions of copper, bismuth, indigo- 
carmine, picric acid or silver may be used. Dextrose undergoes 
alcoholic fermentation with great ease and is used in large 
quantities in making beer. 

563, Levulose. — This sugar occurs mixed with dextrose in 
thunnturikl sources of that sugar, mentioned above. It is obtained^ 
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wilh dextrose in inverted sugar, prepared by heating cane sugar 
with dilute mineral acids. It differs from dextrose in its rotary 
power, which is left-handed instead of right-handed ; the other 
difterencea are of minor importance, except sweetening power, 
which is greater in this sugar than in grape sugar, 

564. Galactose is obtained from milk sugar by inverting it 
with dilute sulphuric or hydrochloric acid. It is very ferment- 
able, and reduces alkaline copper solutions. 

Sorbin occurs in the berries of the mountain ash, and is not 
fermentable. 

Inosite has been found in the muscular substance of the 
heart, in the lungs, liver, kidneys, etc., and in some plants. It 
is very sweet, and crystallizes in large, rhombic prisma, soluble 
in water. It does not ferment with yeast, reduce the alkaline 
copper solutions, or invert with acids or alkalies ; it is optically 
inactive. 

(3) AMYLOSES. 

l«,,H,.0,Jd. 

565. Starch, or Amylum. — This body ia found in nearly all 
plants. It is moBt abundant in the cereals, rice, potatoes and 
the seeds of plants. Starch occurs in the form of microscopical 
granules inclosed in the cells of the plant where they occur, very 
much as fat occurs in adipose tissue. The granules, examined 
under the microscope, are seen to be posBossed of a distinct 
organized structure, which is different in each different kind of 
starch. They show, under the microscope, several concentric 
markings, arranged around a nucleus, or hilum, which is situated 
nearer one edge. The sizes and markings of the starches from 
the various sources vary sufficiently to admit of identification, 
an important fact in the detection of adulterations in foods. 

Starch is prepared by grinding the grain or vegetable, and 
then suspending it in water, or spreading it on a sieve and running 
water upon it. By this means the starch granules are washed out 
of the cells and remain suspended in the water. This milky- 
looking liquid is allowed to settle, when the starch falls to the 
bottom; this sediment is taken out, dried, and sent into the 
market. 

Wheat starch is often prepared by suspending the flour in 
water and allowing it to stand until the gluten is dissolved by 
putrefactive ier mentation, when the starch may be washed and 
dried. 

Starch is insoluble in cold water, alcohol and ether. Heated 
with water to a little above 60° (J. (140° F.),the contenU of the 
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granules swell up, buret the envelopes and escape into the water. 
It appears at first as a very fine powder, but afterward disappears 
and forma an apparent solutiou, which, if concentrated, forms, on 
c(K>ling, a jelly-like mas^, called starch paste. On long boiling, 
starch enters into a soluble form. The same change is produced 
' r a dry heat of 100° C. (212° F.), by diastase, or dilute aul- 



by 8 
phui 



. acid. With diastase it soon passes into the form 



maltose and dextrin, and finally into dextrose. It forms me- 
tallic compounds with lead, lime and barium oxides. Soluble 
starch is precipitated by alcohol and solutions of subacetate of 
lead. 

Starch dissolves in cold concentrated nitric acid; on the addi- 
tion of water, xyloidin, a white powder, separates. The most 
characteristic reaction of starch is the dark blue color it forms 
with free iodine. This blue iodide of starch is easily decomposed, 
and disassociates when the solution is heated, but re-forms on 
cooling. 

566. Dextrin, or British Gum, is an amorphous, yellow- 
ish-white, gum-like body, readily soluble in water. It is formed 
by heating starch above 150^ C. (302^ F.), or by the first action 
of malt diastase, or hot dilute sulphuric acid upon starch. This 
change is a progressive one. When diastase or pancreatic fer- 
ment is added to gelatinous starch (starch paste), it is liquefied in 
a few momenta and becomes soluble starch, which is represented 
by the formula, 10(CoH«,Oi„). This is gradually hydrated under 
the action of the ferment, giving rise to eight different steps in 
the process, and eight different dextrins 

,n.,H,„0„l -|-0„H„O,,lI>ltaM, 



ErjtlirD-dBiL ., ,. , .- ... ., ,. 

Acnxwiflitrin, C, Tt0„B„0„| + H,0 = fl(C,,H„0,.l + C„H„0„ 



and 80 on until the final result obtained is — 

AoiwHieilrln, F, 2(C,,H,„0,„) + H.O -2(0„H,„0„) + no M«l 

that is, the final result always leaves a portion of dextrin un- 
changed into maltose. The final result is about 20 per cent, of 
acroo-dextrin to 80 per cent, of maltose. Pancreatic diastase, 
however, has the power of slowly changing maltose to dextrose, 
and the lowest acroo-dextrin to maltose. Iodine gives a reddish 
color with dextrin. 

■567. Glycogen.— This substance resembles starch, and occurs 
in the liver of man and several animals, in the embryo, yolk of 
egg and some mollusks. It dissolves in cold water to an opales- 
cent solution, but is insoluble in alcohol and ether. In many 
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its properties it resembles dextrin. Ila solutions are dextro- 
gyrate. A diet of starches, sugars, inuHn, glycerin, albumin of 
egg, fibrin and casein causes an increase of glycogen in the liver; 
while inoeite, quercite, .mannite, gums and fats fail to do bo. 
Violent exercise, prolonged starvation, or fevers exhaust the liver 
of sugar. Glycogen of the liver is readily changed to acroo- 
dextrin, maltose and dextrose by a peculiar diastatic ferment 
found in the liver itself. Iodine gives a reddish-brown color 
with both dextrins and glycogen ; but the color returns with 
the latter after discharging it with heat. 

S68. Cellulose, or Lignin. — This forms the principal part 
of the solid framework of plants. The pure substance may be 

Erepared hy treating raw cotton or linen fibre with jjotaasium 
ydrate, acids, and ether, to remove foreign matters. It is a white 
solid, exhibiting the structure of the fibre from which it is ob- 
tained. It is soluble in a solution of cuprtc hydrate in ammo- 
nium hydrate. On the addition of an acid to this solution, it is 
precipitated as a white, amorphous mass, which, mixed with cam- 
phor and compressed into various articles, is sold under the name 
of celluloid. Cellulose is insoluble in water, alcohol, ether and 
alt ordinarv solvents. Strong sulphuric acid dissolves it, and on 
diluting wfth water, white flakes separate. When boiled with 
dilute sulphuric acid, it is converted into dextrine and dextrose. 

When cotton-wool is steeped in a cold mixture of 1 part of 
strong nitric and 3 parts sulphuric acid for a few minutea, 
squeezed as dry as possible, placed in fresh acid for 48 hours, 
then pressed dry, aud finally washed thoroughly in water, then 
in a weak solution of ao<1ium carbonate, it possesses, when dry, 
great explosive properties, and is called gun cotton. The 
appearance and physical properties of the cotton remain un- 
changed, but it becomes a nitro-cellulose, the composition varying 
with the mode of preparation. 

Pyroxylin is used as a source of collodion ; it is a nitro- 
cellulose, containing less NO3 groups than gun cotton. It is pre- 
pared by dipping cottou into a mixture of 10 parts HNO:i and 12 
parts 01^ HiSOi, allowing it to steep for 10 nours or until it is 
soluble in a mixture of alcohol and ether (1 to 3), then remov- 
ing and washing it in cold water. 

Collodion is prepared by dissolving 4 parts of pyroxylin in 
a mixture of 70 parts ether and 26 parts alcohol. Flexible 
collodion is a mixture of 92 parts of the above, 5 parts tur- 
pentine, and 3 of castor oil. Styptic collodion owes this 
property to 20 per cent, of tannic acid. 
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If dry unsized paper be dipped into a cold mixture of 2 parts 
of sulphuric acid aud 1 of water for a few seconds, and then 
washed quickly in cold water containing a little ammonia, it h 
'rendered very tough and strong, and is called parchment 
paper. 

GUMS. 

569. Although these bodies cannot be regarded as belonging 
to the polyatomic alcohols, they seem to be clpsely associated 
with them. The gums are amorphous bodies, more or less soluble 
in water, but insoluble in alcohol, and are converted into one of 
the glucoses by dilute sulphuric acid. 

670. Gum Arabic and gum-senegal are derived from dif- 
ferent kinds of acacia. Tbey occur in rounded, irregular masses, 
which dissolve in water to form a thick, viscid solution. 

These gums are composed of the compounds of potassium and 
calcium with arabin. Arabin treated with dilute H^SO, yields 
arabinose, C»H„08, a non-fermentable glucose. 

Cerasin is the insoluble part of the plum and cherry tree 
gums, which also contain arabiti. Gum-tragacanth is the 
hardened juice of some kinds of udraijulua. Gum bassorin 
is obtained fioia a species of cactus; it is insoluble in water, but 
swells up therein to a jelly-lite mass. Many other plants furnish 
mucilages or gum-Uke bodies. 

ETHERS. 

571. Ethers are of three kinds ; simple, mixed and com- 
pound, which have already been defined. (.See Art. 541.) 

The simple ethers are usually prepared by the action of acids 
upon the corresponding alcohols. They bear the same relation 
to alcohols that oxides of the metals do to their hydrates. 

Potassium hydrate, KOH, Potassium oxide, K.jO. Ethyl 
alcohol, C,HjOH. Ethyl ether (C,Hs),0. 

The simple ethers are mostly liquids, slightly soluble in water, 
soluble in alcohol, possess a peculiar odor, and when acted u 
by alkalies, regenerate the alcohols. 
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ETHYL ETHER or ETHYL OXIDE. 

SvsoNYMa: Vinie ether, sulphurie ether, common ether. 

Sp.ft.n.l3a. Boil.»136.6'>C. (06°F.) 

572, Common Ether ia prepared by heating a mixture of 
ethyl alcohol and sulphuric acid, aud distilling over the rBsult- 
ing ether. 

About 6 or 7 parte of commercial alcohol and 1 part of 
strong sulphuric acid are introduced into the retort, which ia 
provided with two openings. Into one of these a thermome- 
ter ia placed, while into the other ia inserted a funnel tube. 
The retort is heated until the thermometer marks 130°C. 
(266°F.). Alcohol is now allowed to run in slowly through the 
funnel tube, while the temperature ia kept between 130° and 
140°C. (266° to 284°?.). The ether diatila off with the water 
produced, and a email quantity of alcohol and eulphurous oxide. 
The crude ether floats upon the water aa a distinct layer. To 
obtain it in a pure state, it is washed with dilute soda eolution, 
dried over quicklime and calcium chloride, and redietilled by 
the heat of a water bath. By the above process, a small quan- 
tity of sulphuric acid may be made to etherize a very large 
quantity of alcohol. 

The action takes place in two stages, as follows : 

CjHsOH + HiSO^ = (CiHr,)HSO. + H,0, 

Alcohol. ElhjUulphoric acid. 

CjHjHSOi + C.HjOH = CaHj— 0— CiHs + HsSO^. 

Properties.^ — Pure ether is a very volatile, mobile liquid, 
possessing a characteristic odor and burning taste. It is soluble 
m ten volumes of water and in all proportions in alcohol. It is 
highly inflammable, burning with a luminous flame; in hand- 
ling it, therefore, care should be taken not to come near a flame. 
It dissolves resins, oils and many other organic bodies. It dis- 
Bolves iodine, bromine, corrosive sublimate, sulphur and phos- 
phorus. For anfesthetic purposes, it should not affect blue litmus; 
It should leave no residue when a quantity is evaporated on a 
watch glass, nor should it leave a foreign odor ; it should boil in 
a test tube when the latter ia held in the hand, and it ehould not 
impart a blue color to ignited copper sulphate (absence of water). 
A small quantity of alcohol, lees than 6 per cent., is not a 
serious objection. 
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COMPOUND ETHERS. 

573. There are a large aiiniber of tteae componnds knfnra, 
but B few ojjJt are met Trith m medidne. 

Acetic Ether iCHi— O— C^HjO) is prepared by difltiUing 
R mixture uf etr<jBg Hii^iuic a^d, flicohoi aod sodiam ftoNaie. 
The diet]i]at« ie wufaaj wiA a Mlolaon of caJdam chloride and 
milk uf liiDe, AeeamLeA, dried Ofcr -cbJciuid chloride, and fi&ally 
redisdlled. Aoetie cAer iss ealoiiieBs, Hmpid liquid, binJiii^ at 
74%. {IGQ°F.) ami po BB B« i i g ■ plfasuO, &uity odor. It di^ 
beecnung acid from 
aai and aJcoboL The 
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t^iDenr ai 
«f aoetic elber. llie ethw is infiamm 
b-fdlon' flame aod atetoue odor. 
874 Amyl Acetate iC,Hn— O— C,H,Oi is prepared by 
diitllligg a ndxture of amy] alcohol. su]{:^nric acid and sodiam 
•eetote. It hae a pleasant, ethereal odot. 

Elbjrl beoBoate, Talerianate. biatyrale. nitrite, nitrate, etc, a 
prepamd very much in the same way as the above, gabstitudi 
lie aalte of the acids here iadicated for tbe sodium acetate. 

575. Ethyl Nitrite, or Nitrous Ether ( C-H.-^O— KO) ie 
a mobile liquid, boiling at 16.5''C. (61°F.|, It has a sp. gr. of 
0.947, aud ie insoluble in wal«r, but freely soluble in alcohol. It 
iG prepared by distilling a mixture of aloohol, potaaBinm aiuiu 
aud eulphunc acid, or by gradually heating a mixture of eqaal 
partiB of alcohul and strong nitric acid until it b^nstoboil; 
then remove the beat and allow it to distill slowly, u is pan£ed 
a» described above for the other ethers. 

Sweet Spirit of Nitre is a mixture of ethyl nitrite, ethyl 
aloohol, aldehyde and acetic ether. It is prepared by addii^ 
together sulphuric acid, alcohol and nitric acid, and heating 
gradutillv to 80^C. (176"^), wbtai it is kepi near ibis tempera- 
ture while the ether distills over. This etber is now added to 19 
tunas it« weight of alcohol. 

576, Amyl NitHte {(XK„ — O— NO) is prepared bv passing 
■ubx>gea trioxlde, N.O„ into amyl alcohuL It is a colorless or 
■lightly yeUow liquid, boiling at !f9°C. t210.2°P.), and p 



the cbokloeetDeU of amyl compounds generally. It boiU at 96° 
C. C205° F.), specific gravity .872 to .874. Its vapor when in- 
haled, produces at first a sense of fiilEness and dizziness in the 
bead; tbeo flushing of the face, increased heart action, and 
lowering of the blood pressure and tempenUure. It may con- 



OKGASIC ACIDS, 



277 ' 



tain, as impurities, nitric acid, amyl nitrate, amy! valerate, and 
hydrocyauie acid. 

577. Artificial Fruit Flavors. — These flavoring extracts 
have come into u?e extensively in recent yearf, and are manu- 
factured largely from various mixtures of compound ethers, 
organic acids and glycerin. The following formulie will give 
some idea of the character of theae mixtures : Pine Apple 
cousistfl of chloroform, one part ; aldehyde, one part ; ethyl 
butyrate, five parts; amyl butyrate, ten parts, and glycerin, 
three part^. Strawberry, of ethyl nitrate, one part ; ethyl 
acetate, five parts; ethyl formate, one part; ethyl butyrate, five 
parts ; methyl salicylate, one part ; amyl acetate, three parts ; 
amyl butyrate, two parts ; glycerin, two parts. Pear, of ethyl 
acetate, five parts ; amyl acetate, ten parts ; benzoic acid, one 
part, and glycerin, ten parts. 

The ethers are to be dissolved in pure alcohol {specific gravity 
.83), and the numbers given indicate the quantity to be added to 
100 parts of alcohol by measure. Theae mixtures, when taken in 
large quantities, produce deleterious effects ; but, as the quantitira 
actually used are very small, they probably have no such action. 
Besides the above mentioned and many other " fruit essences," 
these ethers are also extensively employed to improve the flavor 
of poor wines, and to fraudulently imitate wines, brandy, rum, 
whiskey, etc. 

ORGANIC ACIDS. 

578. An organic acid is built upon the water-type, and may 
be regarded as one or more molecules of water in which one-half 
the hydrogen ia replaced by a compound organicradical containing 



oxygen ; 



-H,H— 0— C,H»0, g" 



C.H.O. (corn- 



large; only a few of the most promioent ones can, therefore, ae 
mentioned here. 

Of the many aeries of acida, the moat numerous and important 
are those of the acetic or fatty acid series, corresponding to 
the marsh gas series of hydrocarbons. 

The acids of this series are obtained by the oxidation of the 
cor respoii ding alcohols or aldehydes. 



4 



hO, 



^ Ci,HjO-0— H + H.O. 



L. 



2CiiHj— 0— H + 0, = 2CjH,0— 0-H. 
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Tliey may also be obtained by the action of the alkaline hydn 
up-jii the i-yanides of the radical of the next lower alcohol. , 

CH.Cy - KOH + H,0 = NH, ~ KCiH.Oj. 
A few have been obtained by synthesis from carbou monoxi 
CO + EOH = CHO— O^K. 

THE FATTY ACID SERIES. 
MONATOMIO AOIDS. 

C„H,cO, ^c„a,„_,o— O— H. 

Of the large number of acids in this group, we shall not 
formic, acetic, butyric, valeric, painiitic, margaric and steario: 

FORMIC ACID. 

CUO— O-H. 

579. Formic Acid ia a colorleaa liquid, of a very acid reac- 
tion and sharp, pungent odor. It boils at about 100° 0.(212" F.) 
and solidiliea at about 0° C. (32" F.). It exists ready formed in 
the red ant, stinging nettle and pine needles. It acta as a reduc- 
ing aeient, reducmg ailver and mercury aalta aod depositing the 
metala. It ia used in silvering glass to reduce the silver, which 
depoaite upon the walls of the containing vessel. The best method 
of obtaining it is by heating to about 100° to 110' C. (212° to 
230° F.) pure anhydrous glycerin and dry oxalic acid, adding 
mora oxahc acid frum time to time, and continuing the distilla- 
tion. Carbon monoxide dissolved in potassium hydrate, yields 
Bomo potassium formate. 

ACETIC ACID. 



5fi0. Acetic Acid occurs frequently in the form of acetates 
in aome vej^etable and animal fluidi^. It is usually obtained by 
the fermentation of saccharine fluids after they have undergone 
the alcoholic fermentation, or by the dry distillation of wood, 
starch, etc. 

In distilling wood, gases, methyl alcohol (wood spirit), acetic 
acid, water, creasotc and tar are obtained. The liquid portion ia 
dUtilled at a ^ntle heat, when the alcohol ia separated. The 
remaining liquid, containing the acetic acid, ia aaturated with 
Bodium carbonate, evaporated to dryness, and heated to 260° or 



ACETIC AC ID. 



279 ' 



350° C. (482° to 662° F.) to char the tarry raattera. The 
residue coutaining Bodiiim acetate is dissolved Id water, filtered, 
and allowed to crystallize out. If the free acid is desired, the 
residue, after carbonizing, is distilled with a slight excess of | 
sulphuric acid. This gives a colorless, stronsly acid, sour- 
Bmelling liquid, which crystallizes at about 17" C. (63° P.) and 
is known as glacial acetic acid. 

Acetic acid applied to the skin blisters, and causes considerable 
pain. It acts as a styptic when not too stroa?. It is soluble in 
water, alcohol and ether in all proportions. .It dissolves resins, 
camphor, fibrin and coagulated albumin. It precipitates mucin, 
and is used to separate this body from its solutions. It is also 
used, with the aid of heat, as a test for albumin ; but care is taken 
not to add too much, as it dissolves the albumin. Under the 
action of chlorine, acetic acid furnishes a series of chlorine 
substitution compounds, in which the chlorine is substituted for 
the hydrogen of the radical ; thus, we have monochlor, dichlor 
and tricblor-acetic acids. 



The last < 



CiHjClO,H,CaHCIaOaH, and CjCI,0,H. 
f these is mentioned elsewhere as a test for albumin ii 



5HI. Vinegar, — This name is given to the mixture obtained 
by the fermentation of wine, cider, whiskey, molasses, infusion of 
malt, etc., under the influence of the growth of mycoderma 
aceti, and should contain at least four per cent, of acetic acid. 
Alcoholic fermentation always precedes the acetous, 

As vinegar always contains more or loss of this ferment, 
called mother of vinegar, it is customary to add some of this 
fluid to start the process. The fermentation takes' place slowly, 
in vats or casks, because of the small amount of surface presented 
to the air. The process is rendered very much more rapid by 
allowing the fluid to trickle over beech-wood shavings or chips 

f>laced upon trays or in perforated barrels, so as to expose a 
arge surface to the air. After having passed over the shavings 
four times, it will be found to be pretty thoroughly acetified. The 
temperature should be kept at about 25° C. (77° F.). 

The vinegar of the market is frequently adulterated with 
1, water; 2, mineral acids, especially sulphuric; 3, raetallio 
impurities, as arsenic, lead, zinc, copper and tin ; 4, wood vine- 
gar; 6, organic substances, such as coloring matters, capsicum, 
etc The addition of water can only be detected by the estima- 
tioD of the per cent, of acetic acid. 
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The moat objectionable adulterant ia eulphiiric acid. The 
simplest method of detecting free mineral acids is to evaporate 
a p^irtion of the vinegar to dryness ; then heat the residue to duU 
redueee for some time, to convert the acetates of the alkaline 
metala into carbonates, which can easily be iletected by th«r 
effervescence with hydrochloric acid. If any free mineral add 
existed in the vinegar, it would expel the acetic acid from the 
alkalies and convert them into sulphates, which remain un- 
changed on ignition. 

Another teat for mineral acida is methyl violet. Two or three 
dropa of a solution of this compound (0.1 to 100) added to 25 
c. c. of vinegar, remains unchanged if pure. If .2 per cenL of 
any mineral acid be present, the color is blue ; If .5 per cent, 
blue-green ; if 1 per cent., green. 

A simple test for (sulphuric acid is to evaporate a portion to 
dryness in a white porcelain dish, with a little cane sugar. At 
the end of the process, the residue becomes black by the charring 
of the sugar by the acid. A Einan quantity of sulphuric add 
in soractimeB added to make the vinegar keep. The poiEonous 
mctflla likely to be found are mercury (corrosive sublimate), 
copper, Breeuic and lead. These metals may be detected hy 
Htturatingtbe vinegar with hydric sulphide, or by separate teste 
fur each. Burnt sugar, capsicum, etc., may be detected by taste 
or tidur in tlie residue left on evaporation. The acetates 
eliminated from the body as carbonates. 






BUTYRIC ACID. 

C.H,0.O— H. 

682, This add ia found with other fatty acids in butter, 
human pcrapiration, fteces, in flesh juice, and in some beetles. It 
exisla in butter as a glyceride or glyceric ether. Pathologically, 
it ap]>eiire in a free state in urine, blood, and ovarian cysts, and in 
the sputa of gangrene of the lung and bronchiectasis. It also 
apiiears in the intestinal contents as the result of secondary 
fermentation of saccharine articles of food. 

It ia best prepared by maintaining at a temperature of 35 to 
40°C (ifS" tol04°F.) a solution of sugar containing lime or chalk, 
and sour milk or rotten cheese. A mixture of 10 parts of sugar, 
1 part of cheese, and 10 parts of chalk answers very well. Lactate 
of calcium isfirst produced, which afterward changes, under the 
influence of the ferment of cheese, into hutyrate of caldum. 
The solution should remain alkaline or neutral. Carbon dioxide 
and hydrogen are set free. When the fermentation it 



ion is finisIie^^^^J 
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30 or 40 parts of crystallized sodium carbonate is added, and the 
mixture is warmed and filtered. The filtrate is evaporated nearly 
to dryuess, and hydrochloric or sulphuric acid added, which seta 
free the butyric acid as an oily layer, which may be purified by 
distillation. It boils at 162°C. (SSS^F.). It is a colorless liquid 
with the characteristic penetrating odor of rancid butter. It la 
soluble in pure water, but separates if soluble salts are added to 
the solution. It is soluble in alcohol, oils and ether. The buty- 
rates are all soluble in water. 

Isobutyric acid, an isomer of the foregoing, is obtained by 
oxidation of secondary or isobutylic alcohol. The folEowiag 
graphic formulae show the constitution of these bodies ; — 



i-b-b—b-b-o—B.- 

H H H H 
H H H 

H— C-C-C— H 



H H H 

_l _l I _ ^0 

H H H 

H— C— C— C-H 



I 



=0 



VALERIC, or VALERIANIC ACID. 



583. Occurs in ■valerian root, and is obtained by distilling 
the powdered root with water. It is best prepared by the oxida- 
tion of amylic alcohol. A mixture of one part of amy! alcohol and 
four parte of concentrated sulphuric acid is run slowly into a retort 
containing four parts of water and five of potassium dichromate. 
The first product is valeraldehyde, which distills over. By ele- 
vating the beak of the retort so as to run the aldehyde back into 
the oxidizing mixture, it is changed into valerianic acid. The 
mixture is finally distilled, the distillate neutralized with sodium 
carbonate, evaporated and decomposed with sulphuric acid. 

Valerianic acid is a thin, oily liquid, boiling at 175°C. (347°F.), 
and possessing a sour, old cheese odor. The njost of the valeri- 
anates are soluble in water, and, when moist, smell like the acid. 

Valerianates of ammonium, bismuth, cafieine, quinine. Iron 
and zinc are usetl in medicine. 
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OLEIC CC„H„0,), PALMITIC (CH^^O,"), AND 
STEARIC (CH^A) ACIDS. 

534. These three aciile exist as glycerides in most fata and 
oils. Palmitic acid melts at 62='C. (143.6''F.), stearic at eS^C. 
(156°F.), and oleic ia liquid at temperatures above 4°C. (39°F-). 
When once solidified, this last acid melts at 14°C. C57T0. 
Keither of these acids distills without decomposition. 

The acids are separated from the glycerin by saponifica- 
tion ; i. e., by treatment with caustic alkalies, or, still better, by 
superheated steam (see Glycerin). Stearin candles are com- 
posed of a mixture of stearic and palmitic acids. The salta of 
these three acids with metals, are called soaps. The only solu- 
ble soaps are those coataining [)otassium (soft soap) or sodium 
(hard soap). On adding a soTutioD of one of these soaps to a 
solution containing one of the heavy metals, an insoluble soap n 
precipitated. All are familiar with the calcium and magnesium 
soaps, which form as a curdy precipitate on adding ordinary 
soap to hard water. 

Lead Plaster (diachylon plaster) is a lead soap, prepared 
by saponifying olive oil with litharge, PbO. 

585. Monobasic Acids containing Alcoholic Hydroxy!, 
— But two acids of this group are worthy of special mention; 
viz., glycoUic and lactic acids. 



CH,— 0— H 



Glycollic Acid, 1 is found in unripe grapef 

6o— 0— H 






in the green leaves of Virginia creeper. When pure, it forma 
large, regular crystals, which deliquesce in moist air, and melt at 
79" C. (174° F.). 

CH, 

Lactic Acid, CH.— 0— H = CjH,0, is the acid of sour 
I 

CO.O— H 
milk and aour cabbage, and is produced by a special ferment, 
called lactic ferment. It is found in small quantity in the 
gastric juice, urine and intestinal juices. 

It is produced on a large scale oy lactic fermentation of cane 
sugar and glucose. Flour is first treated with dilute aulphui 
acid, to convert the starch into glucose ; the free acid is then 
neutralized with milk of lime. To this is then added sour milk, 
and it is allowed to ferment ; care being taken to stop the prooova 
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before butyric aci<I fermentation sets in, by heating the mixture { 
to boiling. The hot solution of calcium lactate is separated by 
filtration, evaporated down, and allowed to crystallize. From 
this salt, the acid may be obtained by saturation with sulphuric 
acid. A solution containing 75 per cent, of the acid is officinal 
in the U. 8. P. It is a colorless, syrupy, odorless, very add . 
liquid, freely miscible with water, alcohol and ether. It is used 1 
in the preparation of syrup of the lac to phosphates, U. S. P. . 
Ferrous Lactate is used in medicine. It occurs in pe 
greenish- white, odorless, crystalliae crusts or gralus, permanent 
in air, and soluble in water. 

DIBASIC ACIDS. 
OXALIC ACID. 

586. This important acid 6X1313 in many plants (Oxi 
Rumex, Rhei) as calcium or potassium oxalates. Calcium 1 
oxalate is also found in the urine. 

Oxalic acid is ea«ly obtained by acting upon many organic 
substances with oxidizing agents. Glycol, glycollic or acetic 
acids may be made to yield it. It is be^t prepared from the 
carbo-hydrates (sugar, starch, etc.) by treating them with atrong 
nitric acid or by fusing with caustic potash. Commercial oxalic 
acid is prepared by fusing sawlugt with a mixture of caustic 
soda and potash. The acid crystallizes in colorless prisma with 
two molecules of water, which they lose at 100' C. {'2VP F.). 
It Is soluble in eight parts of cold water, and in alcohol. ' 
very sour and poisonous. Antidotes are chalk, lime, or magn 
On heating the acid it is resolved iuto carbon monoxide, dioxide, 
water and formic acid. Strong oxidizing agents convert it inta 
carbon dioxide and water. It is a strong dibasic acid, and farmB ' 
both acid and neutral salts with most of the metals. 

587. Succinic Acid — Acidutn Succinicum. 

Tu, -''^''''■ 

lloOH 

This acid is found ready formed in amber and some other 
resins, in several plants), and in tho animal organism. It is one 
of the products of alcoholic fermentation of sugar, and may be 
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prepared by tbe action of reducing agenls on malic and tartaric 
acida. It may be obtaioed in quantity by the dry distillation of 
amber ; tbe aqueous portion of the distillate ie heated to boiling, 
and filtered ; on cooling, crude succinic acid cryetallizes out. 
Succinic acid crystallizes in monoclinic prisms, melting at 180° 
C (356° F.), and decomposing into water and succinic anby- 
dride at 235° C. (455° F.) It is soluble in 23 parts of cold water, 
and very freely soluble in hot water. By adding neutral aolution 
of ferric chloride to a soluble succinate, a brown, gelatinous, ferric 
succinate is produced ; thisie a reaction used as a qualitative teat 
tor the acid. The succinates of the alkaline metafs are soluble; 
those of the other metals are either slightly soluble or insoluble. 

DIBASIC ACIDS CONTAINING ALCOHOLIC 
HYDROXYL. 

MALIC ACm. 



M.O— H ~ ' • '■ 
(!o.O— H 

588. Malic Acid occurs in many acid, fruits, as cherriea, 
apples, raspberries, gooseberries, rhubarb (stalks and leaves!, 
unripe mountain a^h berriea, unripe grapes and quinces. It is 
best prepared by nearly Eaturating the boiled and filtered juice 
of the berriea of the mountain ash with milk of lime. On con- 
tinued boiling, calcium malate, CbCjH3(H0)0,.H,0, separates as 
a crystalline powder, from which tbe acid may be obtained by 
treatment with dilute nitric acid. Malic acid crystallizes in 
groups of small, colorless, deliquescent crystals. It melts at 100° 
C. (212° F.), and decomposes at 150° C. (302° F.). Putrefactive 
ferments convert malic into acetic, succinic, butyric and carbonic 
acids. 

There are three isomeric malic acids possible, of which two 
are known. Tbe alkaline malates are soluble ; other malates are 
slightly soluble or insoluble ; all are crystalline. 




TARTARIC ACID. 

TARTARIC ACID. 



Jh.o. 



589. Tartaric Acid is a dibasic, tetratomlc acid. (Compare 
the forinuliB of succinic, malic, and tartaric acida.) Fourieomeric, 
tartaric acids are known ; two of which^ — dextro and lie vo- tartaric 
acids — are optically active, and two — racemic and mesotartaric 
acids — are optically inactive. Ordinary, or dextro-tartaric acid ia 
found in many fruits, particularly in ripe grapea, as acid potassic 
tartrate (cream of tartar), which, during the fermentation of 
the must, is deposited, mixed with yeast, coloring matter, calcium 
tartrate, etc., as a brown crust, or deposit, known as crude argol. 
Tartaric acid is prepared from argol by first treating with hot 
water, filteriug, decolorizing with animal charcoal, converting the 
acid potassium tartrate into calcium tartrate by the addition of 
milk of lime, then decomposing this with sulphuric acid. Tar- 
taric acid is thus obtained iu solution, and may easily be 
separated by crystallization. Tartaric acid is usually made in the 
same iactoriea where cream of tartar is prepared in large 
quantities. It usually occurs in beautiful, oblique prisms, 
permanent in the air, soluble in one-half their weight of water, 
or in 2.5 parte of alcohol, and insoluble in ether. When heated, 
it melts at 180° C. (356° F.), and forms metatartaric and pyrotar- 
taric acids, and tartaric anhydride (C.H.Os). At higher tem- 
peratures it decomposes with a burnt-sugar odor. 

Tartaric add has a strong, acid taste. It precipitates calcium 
iu neutral or alkaline solution, but not in strong acid solutions. 
Ammonium salts prevent this precipitation. Heated with 
hydriodic acid and phosphorus, tartaric is first changed into 
malic, and then succinic acids. 

The principal tartrates are the neutral and acid potassium tar- 
trates, sod io- potassium tartrate (Rochelle Salt) and tartar 
emetic, or antimonyl potassium tartrate, all of which are men- 
tioned in another place. Ferro-potaasium tartrate and ferro- 
ammonium tartrate are also used in medicine. They both belong 
to the class of substances known as scale compounds ; i. e., 
compounds which do not crystallize readily and are prepared by 
spreading the material, evaixirated to a syrup, upon plateB of 
glass to dry, and then scraping off the tbin scales. The above 
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npouuds occur in the form of garnet-red scales, 
slightly deliquescent, very soluble in water, but insoluble in 
alcohol. Tartaric acid is used in making efiervescing drinks, in 
calico printing, and by confectioners, to prevent the crystallization 
of the sugar. When taken in too large quantities, it acts as an 
irritant poison. One ounce has caused death. 



TRIBASIC ACIDS. 
OITBIO ACID. 



(iH.CO.OH = 0.> 
CH.(0H)C0.OH 



I 



590. This acid occurs in the juice of lemons, currants, goose- 
berries, beet roots and other plants. It is manufactureif on a 
large scale from lemon juice, which is clarified by boiling it with 
albumin, and then saturated, while hot, with powdered chalk 
or milk of lime. The precipitated calcium citrate is decom- 
posed by an equivalent quantity of sulphuric acid, and filtered 
from the resulting gypsum. Oii evaporating the filtrate, the acid 
crystallizes out in large, transparent, rhombic prisms,' having an 
agreeable, sour taste, and containing one molecule of water of 
crystallizatioo. The acid melts at 100° C. (212' F.), and is 
readily soluble in water and alcohol. At 175° C. (347° P.), the 
acid loses water, and is, converted into aconitic acid, CgHaOi 
(0H)3. 

Solutions of citric acid soon develop mould, and are thereby 
decomposed. Citric acid forms three classes of welt defined 
salts with the metals; citrates of the alkaline metals are soluble in 
water. The citrates are decomposed into carbonates in the body, 
and, in the case of the citrates of the alkalies, are eliminated 
by the kidneys as carbonates ; hence, those citrates are frequently 
prescribed in acid conditions of the urine. Citric acid is not 
known to exert any injurious action upon the economy, even in 
considerable quantities. 

Citrates of bismuth, iron, iron and ammonium, iron and 
quinine, iron and strychnine, lithium, potassium, bismuth and 
ammonium, and syrup of citric acid are officinal in the U. S. P. 
When boiled with excess of lime water, citric acid precipitates 
basic calcium citrate. This diatinguisiies it from oxalic and 
tartaric acids. 
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ACIDS OF THE BENZOL. SERIES. 
CH-CH^ 
591. Phenic, or Carbolic Acid, HC C— O— H 

= CoHsOH, which is, ia reality, phenyl alcohol, alao called 

pheDol, is met with in the products of the destructive diatlUatioa 
of coftl and wood, and is found in small quantities in human 
urine, and in castoreum. In the arts, it is prepared from that 
portion of the coal tar oil, distilling between 150" C. (302° F.) 
and 190'' C. (374° F.). This is agitat«d with a coucentratad 
solution of caustic soda, when a crystalline carbolate of sodium 
is formed, while the neutral oils are left unacted upon. After 
the latter have been separated, the carbolate is decomposed by 
hydrochloric acid, and the impure carbolic acid thus obtained 
again treated with sodium hydrate. On exposing this Bolutioa 
to the air, the greater portion of the impurities become oxidized, 
and separate as a tarry mass. The clear solution of sodium 
pheuatc (or carbolate) is again decomposed by hydrochloric acid, 
and the resulting carbolic acid separated and submitted to distil- 
lation. From the portion passing over below 190° C. (374° F.) 
phenol separates out as colorless needles on cooling, which melt 
at 42° C. (108° F.) and boil at 181° C. (364" F.). 

Pure phenol is a crystalline solid, having a characteristic odor 
and pungent, caustic taste, producing a white eschar with 
animal tissues. The crystals are liquefied by the addition of 
about 5 per cent, of water. This liquid is made turbid by the 
addition of more water, until 2000 parts are added, when the 
acid dissolves to a clear solution. It is soluble in twenty parts 
of water at the ordinary temperature. The addition of glycerin 
increases its solubility. It is readily soluble in alcohol, ether, 
benzol, carbon disulphide, glycerin, and fixed and volatile oils. 
Carbolic acid coagulates albumin, and its aqueous solution gives 
a permanent violet-bliie color with ferric chloride, while that 
produced by creosote changes to green and then brown. It forms 
a white precipitate with bromine water. When quite pure, car- 
bolic acid is permanent in the air ; but the commercial acid 
frequently changes to a pink or red color. Ammonia and chlo- 
rinated soda solution produce a blue color with carbolic acid. 
Carbolic acid is very much used as an antiseptic in medicine and 
in the arts. Some of the carbolates have also been used for the 
same purpose. Carbolic acid is very poisonous when taken into 
the body, and oases of fatal poisoning by it are not uncommon. 
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DftDgerous symptoms have been produced by six or seven drops, 
and Ihtal poisoumg has occurred from its use as a dreBsing of 
woundB. The urine iu euch cases is dark-colored and emoky, 
and its appearuiice should be watched while using the acid, either 
internally or locally, 

592. Sulpho-carbolates. — If one part of crystallized car- 
bolic acid is mixed with one part, by weight, of strong sulphuric 
acid, phenyl-Bulphnric or aulpho-carbolic acid is formed. 

If this solution is diluted with water and barium carbonate 
added in excess, a solution of barium sulphocarholate is pro- 
duced. From this, other sulphocarbolates are obtained by 
double decomposition. The sulphocarbolates are all soluble 
in water, glycerin, and alcohol. The following salts have 
been used in medicine: — Potassium Sulpho-carbolate, 
KCbHbSOi.HjO, crystallizing in shining needles; Calcium 
Sulpho-carbolate, CatCHsBOOii.fiH.O, which forms scaly 
crystals; Magnesium Sulpho-carbolate and Zinc Sulpho- 
carbolate, crystallizing in rhombic prisms. These suits may be 
taken internally iu doaes of 10 to 30 grains. They prevent fer- 
mentation in organic solutions. 

PICRIC, OR CARBA20TIC ACID. fl 

0.H,|N0J,-O-H. ^1 

593. When phenol and a number of other bodies containing 
the benzol nucleus, such aa aalicin, indigo, balsam of Peru, silk, 
wool, etc., are treated with strong nitric acid, a yellow, very 
bitter, crystalline, trinitro-pheuol is obtained, which is known aa 
picric acid. It is used aa a yellow dye for silk and wool, and 
aa a test for albumen in urine. When quickly heated, it deton- 
ates. It ia soluble in alcohol, and slightly so in water. 

594. Dihydro- phenol, or Hydroquinone, CJJ^ \ Qp,, 
is of little importance to the physician. 

(NO . 



Resorcin, C^. - 



OH' 



has c 



intopromiu 



e recently in 



the treatment of certain maladiea. It forms colorless crystals, 
melting at SS^C. (210"?.), and boiling at 271=0. (619=F.). It 
is very soluble in water, and poaagssea a sweetish, harsh taste. 
It is prepared by fuaing certain gum reains (galhanum), extract 
of sapin-wood, or Brazil-wood, with caustic potaah. It is a 
strong anti-fermentative. 



1^ 



BEKZOIO ACID. 

PYROGALLIC ACID. 



595. This acid is a triphenol, and ia prepared by heating 
gallic acid, CaH,tOH)jCO,H,to300°C.(572°F.). It crystallizea | 
m white, shilling needles, and gives a dark-blue color with ferrouB,- ' 
and red with ferric salte. An alkaline solution, when exposed ' 
to the air, rapidly absorbs oxygen and assumes a dark color. 
Silver and gold sails are reduced, in the light, to the metallic I 
Btate by it ; hence it is used as a developer in photography. 

BENZOIC ACID. 



C-CO-O— H =C, H.O.H 



696. This acid occurs in gum Benzoin and in the leaves of \ 
the aspen ; also found iu the urine of herbivorous animals. 
Benzoic acid is prepared from gum benzoin by sublimation. 
The powdered resm is gently heated in an iron pan covered with 
a' perforated paper cover ; over tbis is placed a. paper or felt 
cone ; the benzoic acid is sublimed and collects on the inner 
surface of the cone. It is also prepared by boiling the reein 
with milk of lime, filtering, concentrating the filtrate by evapora- 
tion, and precipftating the acid with hydrochloric acid. It is 
also prepared from naphthalene, CiDHg, occurring in coal tar, 
and {rum hippurie acid found in the urine of cows. 

Properties. — Benzoic acid occurs in large, thin, brilliant 
plates, or needles ; it melts at 120°C. (248°F.) and bolls at 250°O. 
(482°F.)i but sublimes at a lower temperature. It ia soluble in 
hot water and alcohol, but sparingly soluble in cold water. It 
has a peculiar, aromatic, irritating odor. 

The benzoatcs are generally soluble in water. 

The benzoates of ammonium, lithium and «odium are officinal. 
The one mtet used is ammonium benzoate. This salt occurs in 
colorless, transparent, prismatic crystals, or in white and granular 
crystals, becoming yellow on long exposure to the air. It has a 
slight odor of the acid, a saline, afterward bitter taste ; soluble in 5 
parts of water. 

The sodium salt is soluble in 1.8 parts of water, baa a sweetly 
astringent taste, is free from bitterness, and has a neutral reaction. 



The acid and its salts ha^ 
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an ant i fermentative and antiappi 



Solutions of beiizuates give a flesh-colored or reddisli precipi- 
tate with ferric chloride. 

SALICYLIC. OR OXYBENZOIC ACID. 

HC C— 00-0— H = O.H,(Ollim,H = C,H.O,. 



597. This acid occurs in the flowera of several speciee i 
gpircea, and its methyl ether, CeH^ -J (•'nnf-'tr forms a large 

fart of oil of wintergreen, from which it was formerly prepared. 
t is now prepared on a large scale by passing CO., into a heated 
retort containing sodium carbolate. 

C,H,O.Na + CO, ^ CeH,(OH)CO.ONa, 
When pure, salicylic acid occurs as fine, white, prismatic, needle- 
shaped crystals, permanent in air, having a sweetiah, slightly 
acrid taste and acid reaction; soluble in 450 parts of cOla 
water, and in 2.5 parts of alcohol. Ita solutions give an in- 
tense violet color with ferric salts. This ia used as a test. 

The salicylates of lithium, sodium and some of the alkaloids 
are uaed in medicine. The salicylic ethers are very numerous. 

598. Closely related to salicylic acid is a glucoside of oxyben- 
zoic alcohol, called salicin. 



SoUcL. 



L.O,). 



Salicin is found in the bark of different kinds of willow imd 
poplar, and in castoreum. It is prepared by boiling the bark with 
water and lead oxide, filtering, precipitating the lead with hydrie 
sulphide, and evaporating down. The salicin separates from the 
solution in fine, colorless, needle-like prisms, having a very bitter 
taste and neutral reaction; soluble in 28 parts of water, and in 
30 parts of alcohol ; insoluble in ether or chlorofurm ; very 
soluble in hot water. It ia used in -medicine. 



BODIES COTTTAINING NITEOGET5. 291 " 

HIPPURIC ACID. 

599. This acid is found in the uriue of herbivorous animals, 
and in small quantity in human urine. When benzoic acid or 
oil of bitter almonds is taken internally, hippuric acid appears 
in the urine. It is generally prepared by evaporating the urine 
of the cow or horse to one-tenth its volume, and precipitating 
with hydrochloric acid. It forms large, rhombic pnsms, soluble 
ill hot but sparingly in cold water. 

URIC ACID. 

60D, Uric acid is found in the urine of all animals, and in the 
excrement of birds, as ammonium urate. Human urine in the 
healthy state contains but a small quantity of the acid, but it is 
increased in most febrile disorders, in acid dyspepsia, and in 
diseases of the lungs. 

As uric acid ia very sparingly soluble in water, it often crys- 
tallines out as a sediment, and in some gouty subjects, the acid 
sodium salt crystallizes out in certain regions in the vicinity of 
the joints. 

Uric acid is a white, crystalline powder, without odor or taste, 
It ia very sparingly soluble in cold and hot water. It is a 
dibasic acid. The urates of the alkaline metals are more soluble 
than the acid. Lithium urate is more soluble than the potas- 
sium salt, and potassium more soluble than the sodium salt. The 
acid salts arc less soluble than the normal, and the acid sodium 
salt frequently separates from the urine on cooling, or during 
acid fermentation, as a reddish-colored deposit — "brick- 
dust " or " lateritious " deposit. 

Uric acid may ba detected by evaporating the solution nearly 
to dryness, with nitric acid, when, on the addition of ammonia to 
the yellow residue, a deep red dish -violet color is produced 
(murexid). Under the microscope, uric acid from urine appears 
as yellow crystals, and is notable tor the variety of forms it 
assumes. 

ORGANIC BODIES CONTAINING NITROGEN. 

AMINES, AMIDB3, IMIDES, NITRILBS. 
601. Thus far we have said nothing of the ammonia type 

of compounds. Ammonia, N J H, is a type of a large number of 

compounds, most of which belong to organic chemistry. 
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An amine may be regarded as formed by replacing one or 
more atoms, in ammonia molecules, by positive or hydrocarbon 
radicals. When formed from one molecnle of KH,, they are 
monamines; when from two or three, they are called diaminea 
or triamines. 

Primary, secondary and tertiary amines are formed by 
■placing one, two, and three atoms of hydrogen respectively. 
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Amines all have basic properties and combine directly with i 
acids, like NHj, to form salts. 

602. Amides. — These compounds may be regarded as formed 
by_ replacing the hydrogen atoms in ammonia with negative or 
acid radicals, as : — 



These bodies are classified and named like the amines. Second- 
ary and tertiary amides, with very few exceptions, are unknown. 
They differ from the corresponding acids in containing atnidogen, ' 
IJH„ in place of hydrosyl, OH. Thus:— 

H0C3Hi,0. HjOjCO. 

H^N-CsHjO. (H,N),CO. 

AcBWmide. CsrlamldB (nr™). 

Acid Amides are formed by replacing a part of the hydro- 
gen in a poiybasic acid by amidogen, NH,, thus; — 
NHi.HO.CO. NH,HOC,Oi. 

The hydrogen of the amidogen in these compounds may bo ' 
further replaced by hydrocarbon radicals, thus : — ' 
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603. Imides. — An iraide differs from an am 
the radical NH, where the latter has Nflj, thus 

NH.CO.OH — HjO = NEOO. 

The carbamidea are converted by heat into isomeric bodies, 
which may be regarded as compounds of nitrogen with a triad 
radical, and known as nitriles, thus:— 



Nj ] EL gisres N | CH^, H,0 



and CN.CiiHs. 

Ethyl CjBQido. 



AMINES. 

G04. Of the large number of possible compounda which belong 
to this class of bodica, we can only mention one or two in detail. 
As before mentioned, the amines are bases, or organic alkalies. 
They unite directly with acids to form salts, and, with platinic 
and auric chlorides, to form double salts similar to those of ain- 
niooia. When heated, amines expel ammonia from its salts. 
The lower members of the group are gases, while the higher 
members are liquid or solid. The natural alkaloids seem ta 
belong in this group, and will be mentioned in this connection. 

As perhaps the most important artificial amine, we may 

mention aniline (phenyl amine), N -; H. 

(h 

605. Aniline is obtained from benzol, by firat converting this 
into nitrobeoKol by the action of concentrated nitric acid. — 
C,H„ + HNOj = CjHjNOj + H,0. 

Nitrobenzol is generally a brown or pale yellow, strongly re- 
fractive liquid, boiling at 220'' C. (428° F.) ; has a burning, sweet 
taste; an odor resembling that of bitter almonds and cinnamon. 
It is used in perfumery under the name of essence of mir- 
bane. Taken internally, it is a violent poison. When treated 
with nascent hydrogen, generated by zinc and sulphuric or 
hydrochloric acid, aniline is produced. — 

C„H,NO, + SH, = C,H,NH, + aH.O. 

iniroiwD&.lii ADillue. 

The aniline combines with the acid present, forming crystallizable 



i 



294 OBGATJIO OBBMrBTRY. 

Balte. Like all the amines, it acts as a base, uniting directly with 
acids. 

Aniline is, wben pure, a colorless, oily, refractive liquid, 
boiling at 182° C. (359° F.), and is insoluble in water. 
It is tbe basis of a large niiiuber of beautiful coloring matters 
very much employed in dyeing and calico printing. In 1858 
Perkins obtained a purple dye by acting upon aniline oil 
with potassium dicbromate and sulphuric acid. Other colors 
were soon obtained ; greens, yellows, reds, blues, violets and 
black have all been obtained from aniline. These dyes are 
soluble in alcohol and glycerine, and are used ior a variety 
of purposes; they are not very permanent dyes. 

Aniline is easily detected by the addition of a solution of 
sodiuOi hypocblorite (chlorinated soda), with which it g;ives a 
purple-colored solution. 

NATURAL ORGANIC BASES, OR ALKALOIDS. 

606. Many plants, and especially those having medicinal and 
poisonous properties, conlain basic principles, or coiupounds con- 
taining nitrogen, which are called alkaloids. Some are vola- 
tile, while others decompose wheu heated. Most of them re- 
semble the amines or compound ammonias in properties, while 
some correspond more nearly to the ammonium compounds. Most 
alkaloids are sparingly soluble in water, more freely in alcohol, 
the solutions having an alkaline reaction and bitter taste. They 
combine directly with acids, like I^H], forming crystalline salts, 
which are generally soluble in water. Their hydrochlorides form 
crystalline double salts with the chlorides of gold, platinum, 
mercury, etc. Most of them are precipitated by solutions of 
tannin, the double iodide of potassium and mercury, double 
iodide of cadmium and bismuth, by phosphomolybdic, pliosphoan- 
timonic, phosphotungstic, and picric acids, and by a solution of 
iodine in potassium iodide, or in hydriodic acid. These reagents 
are, therefore, used to separate tbe alkaloids from other sub- 
stances found with them. By treating these precipitates with an 
alkaline hydrate, the bases arc separated. 

PROPERTIES OF NATURAL ALKALOIDS. 

607. Tbe ibllowing tables give the formulse and solubility in 
water, benzol, ether and chloroform ; also source, appearance 
and leading properties. The limits of this work will not allow ub 

go further into this subject. 
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. Separation and Detection.— The alkaloids are aepa- 
paled from other Hubstances and from each other by the use of 
us solvents, the principal onea being indicated in the pre- 
g table. As most of the alkaloids or their salts are soluble 
fia alcohol, this reagent is generally employed to extract them from 
plants or from other solid matters. After acidifying with acetic 
acid, digesting and filtering, the alcohol may be evaporated off, 
and the residue exhausted with ether, benzol, naphtha, chloro- 
form, etc. Or, after acidiiying, we may digest for some time with 
water, filter, and treat the filtrate with ammonium or sodium 
hydrate, or milk of lime. The alkaloids are thus precipitated, 
and may be separated by filtration, redlssolved, converted into 
salts and purified by recrystallization. 

The limits of this work will not permit us to enter into this 
subject fully, and the student is referred to works on chemical 
analysis for further particulars. 

609. Properties of Principal Alkaloids. — Aconitine. — 
Glacial mass, or white powder, crystallizes with diflSculty; in 
rhombic plates. It possesses a sharp, pungent taste, and in 
general, the physiological properties of the plant. With phospho- 
molybdic acid, it gives a yellow precipitate. 

Aniline. — A colorless, oily liquid, turning dark on exposure; 
characteristic odor; boils at 182' C. (359 F.) ; gives red or 
violet color with NaOCl solution. (See Art. 605.) 

Antipyrine, Dimethyl Oxichinine? (Alkaloid). — The 
hydrochloride is the salt used. It is a graj'isli- white, crystalline 
powder, with a weak, tarry odor, and bitter, somewhat acrid 
taste. It is readily soluble in alcohol and lukewarm water, from 
which it does not readily separate on cooling. Alkalies precipi- 
tate it, ferric chloride colors it reddish-brown, and nitrous acid 
colors it green, even in very dilute solutions (1 to 10,000). It is 
used, in doses of 15 to 30 grains, as an antipyretic. 

Atropine. — Prisms; stellated tufts, white and fusible ; bitter 
taste ; dilates the pupil either when free or as salts. The alka- 
loid and its sulphate are officinal in the U. S. P. 

Brucine. — Crystallizes in plates oi'prisms; lievogyrate ; less 
poisonous than strychnine. With strong nitric acid gives a red, 
then yellow color ; SnCli gives deep violet. 

Caffeine. — White, silky needles; fuses and sublimes; has a 
faint, bitter taste ; poisonous in large doses ; 0.4 to 0.5 grains 
produce death in cats and rabbits. 

Cinchonine. — Four-sided needles, fusible. Its solutions are 
dextrogyrate; chlorine and ammonia give yellow precipitate; 
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separated from quinine by insolubility in ether ; very bitter, 
and haa \esg tonic properties than quinine. Sulphate officinal. 

Cinchonidine. — Hard, rhombic prisms, \ritn striated ikces; 
difierB from above in being lasvogyrate. The sulphate is offio- 
nal. 

Cocaine. — Mouoclinic, glistening prisms, with bitter taste, 
leaving a benumbing efFecl on the tongue. Heated with strong 
HC], it decomposes. The hydrochloride haa powerful local aneea- 
thetic properties. Coca leaves are used as a stimulant in Peru, 

Codeine>^ — Rectangular prisma, isomorphous with morphine. 
Porma soluble crystalline sails, from which caustic soda pred|H- 
tates the alkaloid. 

Colchicine. — Yellow-white powder or colorleas needles. 

Conine.— Liquid ; boila at 168° C. (.335° F. i ; highly poiaon- 
ous ; odor of heralock, and sharp, nauseous taate ; decomposes on 
exposure to air. 

Hyoscyamine. — Silky needles in groups, or amorphous and 

fiastj; when impure, haa a nauseous smell; dilates the pupil 
ike atropine. It haa sedative properties. The sulphate is offi- 
cinal. 

Morphine.— Short, transparent, trimetric prisms. When 
heated, loses water and melts to a colorleas liquid ; salts soluble 
in water; bitter taste ; gives blue color with Fe,Cla ; decomposes 
iodic acid, giving free iodine. Noted for its anodyne properties ; 
less exciting, and gives tees atter effects than opium. Officinal 
salts, sulphate, hydrochloride and acetate. When heated with 
large exceaa of HCl, it gives apomorphine, which is precipitated 
as a white powder by sodium carbonate, and turns green on ex- 
posure. Speedy emetic ; said to be formed spontaneously in old 
morphine solutions. 

OTHER OPIUM ALKALOIDS. 



Oxjmorphin 






Codeine. 




Laiidanosine 


Thebaitie. 




Hheadine. 


CodumiDe. 




CrjptOpLne. 


Laudanine. 




Nurcotme. 


Protopine. 




Lnnl.h opine. 


Papaverine. 




Narceine. 



Physostigmine (E a e r i n e). ^ Crystalline or amorphoi 
brown-yellow powder ; solutions red to blue, of strong ali 
reaction ; violent poison ; strongly contracts the pupil, 
salicylate is officinal. 




OTHER OPICK ALKALOIDS. 



Picrotoxine. — Colorlesa tufts of needlea; reduces alkaline 
3opper solutions ; has an intensely bitter taste. 

Piperinc. — Colorless, tasteless, inodorous prisms, melting at 
Jl00° C. (212° F,). Alcoholic solution has sharp, -peppery taste 
I and neutral reaction. Soluble in alcohol. 

Pilocarpine. — Uncrystallizable, but salts crystallize from 
alcohol. With Hj80„ it forma a colorless solution. The nitrate 
and hydrochloride are much used in medicine. Given internally, 
they produce rapid and profuse diaphoresis and salivation, quick- 
ened pulse and lowered temperature. With large doses, the heart 
stops in diastole. The hydrochloride is officinal. 

Quinine. — Fine needles. Alkaloid seldom used. Sulphates, 
salicylate, taanate, hydrochloride and numerous salts in use. 
Forms basic, neutral and acid salts. 

Basic Quinine Sulphate, CC,„H,Ji,O,},HjS0,.8H,0, ia 
manufactured on a large scale, and is found as long, brilliant 
needles, which effloresce and form white powder. This salt is 
not very soluble (1 in 780 parts water ; more readily in alcohol). 
All salts have an intensely bitter taste. 

Normal Quinine Sulphate, C,„H„N,0,.CH,S0.)i-7H,0, 
forms transparent four-sided prisms. Made from the ba^ic salt 
by adding HjSO,. Soluble in eleven parts of cold water. 

Acid Quinine Sulphate (Bisulphate), C»H„NA(H^O05- 
7HjO, forms soft, white prisms, freely soluble in water, exhibiting 
beautiful blue fluorescence. 

Solution of iodine precipitates from the acetic acid solution of 
basic* sulphate, a tourmaline-like, crystalline body, of a green 
reflection. 

The solutions of ouinine and its salts have a lefl-handed rotary 
power on light. When dissolved in chlorine water, ammonium 
hydrate produces a deep emerald-green solution. If K,FeCy, 
be first added, NH,OH gives a deep red color. Quinine and its 
salts have a tonic and antiperiodic action on the economy. The 
sulphate, bisulphate, hydrobromide, hydrochloride and valerian- 
ate are officinal. 

Quinidine. — Large prisms, soluble, with difficulty, in water, 
but soluble Id alcohol. Gives quinine reaction with chlorine and 
ammonia ; bitter taste and tonic efiects, similar to quinine. 
Right-handed rotary power. Salte resemble those of quinine. 
The sulphate is officinal. 

Salicin. — Tabular or scaly crystala, A glucoaide. (See Art. 
598.) 



i 





I 



Strychnine. — Four-sided trimetric prisms, white and fusible^ , 
Bitter taate can be detected in a solution containing one part in 
one million parts of water. Forma soluble crystalliae salts. 
Sulphate and phosphate are used largely in medicine. Violent 
poison, producing tetanic convulsions. The antidotes are mor- 
phine, atropine, and chloral hydrate. Adelicatetest is to dissolve 
in sulphuric acid and add a fragment of potassium dichromate, 
when a deep purple color is produced. The sulphate is officinal ; 
but other salts are used in medicine. 

Theobromine. — Small, trlraetrlc crystals, in club-shaped 

f roups. It has a slightly bitter taste. Salts are unstable, and 
ecompoae in contact with water. 
Vcratrinc— White prisms or powder, melting at 115° C 
(239° F.) and solidifying, on coaling, to a resinous mass. Its 
dust causes violent sneeziog; it is a violent poison. H,SO, con- 
centrated, forms a yellow solution, which gradually becomes red. 
It forms crystalline salts. The oleate is ofBcinal. 

PTOMAINES. I 

GIO. Putrefactive, or Cadaveric Alkaloids. — Thesealka- 

loids are produced during the putrid decomposition of animal 
and vegetable matter, and probably in certain pathological con- 
ditions in the human body during life. A distinct alkaloid has 
been separated from pyiemic fluid, and named septicine. 

Some of these bases are very poisonous, producing syniptoma re- 
sembling those caused by strychnine, atropine, eonine, etc. Selnii 
obtained poisonous bases containing arsenic, from the body of a 
subject who had died of arsenical poisoning, and was exhumed 
fourteen days after death. It is probable that some of ibe symp- 
toms of poisoning by preserved food, such as preserved fisn, 
meat, etc., that are occasionally seen, are due to the presence of 
some one of these alkaloids. Tainted meat, fish, etc., should not 
be eaten. The author has known of a number of cases of poison- 
isg from this cause. 

Some of these alkaloids decompose with great ease, giving a 
cadaveric odor, while others remain permanent. Although they 
are most likely to l>e found in putrefying animal matters, they 
have been produced by the putrefaction of maize, leguminous 
Bubslances, flour, etc. Many of the ptomaines are volatile and 
amorphous, but form crystalline salts with the acids. They 
answer to nearly all the ordinary reactions of the vegetable 
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alkaloida. They seem to possesH less stability, and have a greater 
tendency to undergo oxidation than the vegetable baaea, and hence 
frequently act as reducing agents. 

The number of the ptomainee seems to be large ; and no one 
of them has been completely studied. The best teat for the 
general detection of theae bases, depends upon their power of 
reducing potassium ferricyanide to the ferrocyanide. The base 
is converted into the sulphate and brought into contact with n drop 
of potassium ferricyanide in a watch glass, A solution of ferric 
salt added to the watch glass will give a Prussian blue color if 
the ferricyanide has been reduced to the ferrocyanide, otherwise 
not The reduction takes place rapidly. Unfortunately, a few 
of the vegetable alkaloids give this reactiou as well as the 
ptomaines. No certaiD distinctive test has yet been devised. 

GLUCOSIDES. 

611. The glucoaidea are a large class of compounda widely dis- 
tributed throughout the vegetable kingdom, which have the 
property of being resolved into a sugar and another compound, 
by acida, alkalies, or ferments. They are ethers of glucose. Some 
of them occur in the animal economy. We can mention here 
but a few of the more important of these bodies. 

Amygdalin, C)oH„NO,i, occurs in bitter almonds, in kernels 
of cherries, plums, apricots, and in leaves of laurel. Extracted 
from almonds by boiling alcohol, and precipitated by adding ether, 
it is obtained as pearly scales. Crystallizes in prisms. When 
emulsin (the ferment of hitter almonds) is added, it splits up 
into prusaicacid, HCN, benzaldehyde, CeHsCOH, and glucose. 

Arbutin, ChHibO,. — Extracted from leaves of Uva-Urai. 
Soluble in water, has a bitter taste, and is crystalline. Emulsin 
and dilute acids yield glucose and hydroquinone. 

Antiarin.— The active principle of the arrow-poison of Java; 
crystalline, soluble in water and alcohol. Obtained from the 
milky juice of Antiaris toxicaria. 

Coniferin, CkHmOs, occurs in cambiallayerof theconiferse, 
and crystallizes in stellate groups of prisms. Emulsin yields 
glucose and cnniferyl alcohol. This latter, when treated with 
sulphuric acid and potassium dichromate, yields artificial vanil- 
lin, a body identical with that obtained from the vanilla bean. 
It is now manufactured on a considerable scale. 

Convolvulin, dHjoOn. Active principle of jalap; a resin- 
ous mass soluble in alcohol and alkalies. Jalapln exists with 
the above in jalap. 
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Digitalin. — A poisonous substance existing in common fia 
glove ; forma an amorphous powder having an intensely bitta 
taete. CompositioD not known. 

Esculin, C„H„0,„ and Eaculetin, C,H,0„ occur in 
bark of the horse chestnut tree ; sparingly soluble in cold, i 
fireely in hot water, are crystalline and faave a bitter taste. 

Fraxin, Cj,HuO„ is found in the bark of the ash and hoia 
ohestnut tree, and forms colorless needle-like crystals, soluble h 
water, furnishing a bitter, fluorescent solution. 

Glyccrrhicin, or Li quo rice -Sugar, C„H„0„ is the sweet 
principle of liquorice. It is a yellow, amorphous powder, having 
a sweet, acrid taste. It is soluble in water and alcohol. 

Helleborin, CmH.jO,, is found together with helleborein 
in the root of green hellebore. It ia insoluble in water, and 
forms glistening needles. A powerful poison. 

Indican occurs in all plants yielding indigo, and aoraetimea 
in urine, and forms a pale-brown, syrupy liquid, having a bitter 
taate. The liver is probably the seat of its production in the 
body, and indol, taken up from the alimentary canal, the ma- 
terial from which it is produced. When allowed to ferment, 
or when treated with dilute acids, it forms indigo blue and indi- 
glucin, a form of sugar. Indican is found in dogs' urine idm 
greater quantity than in human urine. It also sometimes ap-H 
pears in the sweat. (See Indigotin, Art 625.) T 

Populin, CjoHuOa, occurs with salicin, in the bark and leavM 
of the aspen. It forms small prisms, having a sweet taste. Boiled 
with barium hydrate, it yields ealicin and benzoic acid. 

Phlorizin, C,iHj,Oio + 2H,0, occurs in the root bark of the 
apple, plum, pear and cherry tree, and is soluble in alcohol. 
It is soluble in hot water, from which it crystallizes in silky 
needles having a bitter taste. Boiled with dilute acida, it yielcU 
glucose and phloretin. 

Polychroite, C^HaoO,,, is the coloring matter of sa&on, andJ 
forms an amorphous, deliquescent, ruby-red mass. 

Qucrcitin.'or Flavin, C„HmO,„ occurs in tea, quercitron, 1 
Bumac, grape vine, catechu, etc. It is slightly soluble in water, 
soluble m alcohol, and forms small, yellow crystals, which may 
be partially sublimed in beautiful, yellow needles. It is colored 
green by FeaCls- 

Saponin, CmHiiOib, occurs in quillaia, or soap-tree bark, and 
other plants. Soluble in water and alcohol. Its solutions behave 
like soap solutions. It is poisonous, but is sometimes added to 
Boda water to produce a permanent troth. Its dust causes sneezing. 
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Solanin, C.^H^NCs, occurs in sprouted potatoea. 
glucose alkaloid ; soluble in alcohol, nearly insoluble in water, 
and forms gum-like salts. 

Tannin, or more properly, tannic acids, form a group of 
bodies found in plants widely distributed. These bodies are sol- 
uble in water, have an acid reaetion, an astringent taste, and form 
an insoluble compound with gelatin and albumeo. They unite ' 
with animal ekin, forming leather. With ferric salts, they form 
blue-black or green precipitates. They are used in the prepa- 
ratiou of ioks, in dyeing and taoning. 

Tannic, or Gatlotannic Acid occurs in oak bark, nutgalls, 
sumac and some other .plants, in oonsiderable quantities. It may 
be exhausted with a mixture of ether and alcohol. It is an 
amorphous, shining mass. Ferric salts give with it a bluish- 
black precipitate (ink), tartar emetic a white one. It precipi- 
tates starch, gelatin, albumin, and most alkaloids. Its watery 
solutions decompose when exposed to the air for some time, 
yielding gallic and ellagic acids. Dilute mineral acids, when 
toiled with It, give gallic acid and glucose. 

Gallic Acid, CjUbOs (trioiybenzoie acid), occurs in the 
leaves of the wild vine, mangoes, and in small quantity in gall 
nuts, from which it can be exhausted with hot water. It may be 
obtained from tannic acid by boiling with dilute acids or alkalies, 
or by spontaneous fermentation, 

Gallic acid crystallizes from water as fine, silky needles, readily 
Boluble in three parts of boiling water, in ether and alcohol. It 
gives a blue-black precipitate with ferric salts, and reduces the 
Baits of silver, mercury and gold. Ita normal salts are perma- 
dent, but their solutions readily decompose. It has a strong 
astringent taste, and is used in medicine, in common with tannic, 
sfi a haemostatic and astringent. 

Quinic, or Quinotannic Acid, QHuO,, occurs chiefly in 
cinchona barks aa a salt of quinine, but is also found in the 
bilberry and cofiee bean. It occurs aa oblic|ue, rhombic prisms. 
It is soluble in water. On dry diatillation it yields, among other 
products, benzoic acid and phenol. 

Other tannins are known, aa caffeetannlc, of coffee ; quer- 
cotannic, of oak; catechutannic, of catechu ; kinotannic, 
of kino, etc, which vary in properties slightly, according to 
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NATURAL FATS AND FIXED OILS. 

612. Almost all the fats and fixed oils are compound ethers ol 
glyceryl, CiHj"'. They are found in both the animal and vege- 
table kiogdoms. Some are liquid, while others are solid. Borne 
oils remain permanent in the air, like olive oil, while others 
oxidize and thicken, like linseed and poppy oil. These latter 
are called siccative, or drying oils. The fata are insoluble ia 
water, difficultly soluble in alcohol, but soluble in ether, petro- 
leum naphtha, and carbon disulphide. The composition of natural 
oils has been partially considered while s]>eaking of the fatly 
acids. So far as known, no fat consists purely of one substance, 
but of a mixture of oleate, paimltate and stearate of the triad 
radical, glyceryl. 

These fats arc decomposed by heat; acrolein being one of the 
products. 

Stearine, or Stearin, CjHjfCHiuO,),, is found in the more 
solid fats. It may be separated from the other priaciplea, by 
melting tallow with turpentine, when the stearin remains in solu- 
tion, wliile the olein and palmitin are precipitated. 

By adding water to the liquid, the stearin may be separated. It 
fuses at 71° C.( 160° F.), and solidifies again at 60° C.(122°F.). 

Palmitin, CiHs(CiiiHj,0,)i, is the chief constituent of mutton 
fat, lard and human fat. It is more soluble in alcohol and ether 
tJian stearin. It crystallizes In line needles, and its melting point 
is variously stated at 46° C. (116° F.) and 61° to 62" C. (142° 
to 144° F.). 

Olein, CjHstCisHsjO,)!, is the fluid constituent of most fiits 
and oils. "When pure, it is a colorless fluid, becoming yellow 
on exposure to the air. It may be obtained from olive oil by 
treating it with cold alcohol, cooling the solution to 0° C. (32" 
F.) to separate the palmitin, and adding water to the alcoholic 
solution to precipitate the olein. Olein is more abundant in 
vegetable than in animal oils. 

When treated with hot alkalies or superheated steam, the &ts 
are saponified (see Art. 653j. Most fats decompose slowly in 
contact with air, and become rancid. In the process of digestion 
they are partially saponified and then emulsified ; i. e., broken up 
into minute drops. The active agents in this change are the bile 
and pancreatic secretion. The emulsification and absorption of 
partially saponified fats takes place with greater ease than with 
pure fat ; hence, a slightly rancid oil is more easily assimilated 
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The aourcea of fet in the human body are, lat, the fat taken as 
food ; 2d, the decompoaition of proteids ; 3d, the carbohydratea, 
a portion of which ia converted into fet in the butyric fermenta- 
tioD in the iutestinee. 

613. Butter conaists of a mixture of atearin, palmitin and 
olein, not aoluble in water, and the glyceridea of butyric, caproic, 
caprylic and capric acida, Theae last acids are soluble' and' 
volatile. Oleomargarin, butterine, auine, etc., are artificial mix- 
tures of butter with foreign &ts, made to imitate butter. 

The principal foreign fats employed are lard, beef oil, cotton 
seed, sesame and similar oils. The usual method of manu- 
facture ia to melt the foreign &ta, deodorize them, when necessary, 
with nitric acid, then either to mix them with genuine butter, or 
churn them with milk. The mixture usually has a melting 
point above or below that of genuine butter. 

Melting points of various ii 



Butterine, 
Cocoa butter, 
Butter (average), 
Beef dripping, 
Veal dripping, 

Mutton fat, 
Tallow, 



1.3° C. 
34.9' C. 



36.8° C. 
43.8° C. 
47.7° C. 
42° C. to 45° C. 
60° C. to 51° C. 
63° C. 

A low melting point generally indicates butterine, or vegetable 
oila, while a high one indicates the preaence of animal fats. 

PROTEIDS. 
ALBUMINOUS COMPOUNDS. 

614, This important claea of bodies forms the chief part of the 
solid constituents of blood, muscle, lymph, glands and other 
organs of animals, and ia also found in plants, principally in the 
seeds. They are the principal substances taking part in the 
physiological changes in the organism. They are colloid (not 
crystalline), do not difibse through animal membranes, and are 
very prone to putrefaction. No accurate formuiie have been 
found for them. They all contain carbon, hydrogen, nitrogen 
and oxygen, while moat of them contain sulphur in addition, and 
all contain some ash, mostly in the form of calcium phosphate. 
Independent of the ash, they have the following composition : — 

Carbon, 52 to 54 pt 

Hydrogen, 1 to 7.8 

Nitrogen, 13 to 16 

Oxjgen, 21 to 26 

Sulphur, t to 1.6 




I 



(06 OBGAtJIC CHBIOSTHT. 

Theprotei<]3 are decompoBed by heating with aqueous solutidna 
of acids and alkalies, and with oxidizing agente. ' 

When heated dry, they decompose, furuishJag ammonia and 
compound ammonias. They all dissolve in stroug acetic, hydro- 
chloric and phosphoric acids, and in alkalies. 

When boiled with hydrochloric acid, in contact with air, the 
solution assumes a blue color, changiug to brown. 

On heating with a solution of mercurous nitrate cont^ning 
nitrous acid, they assume a fine red color, and the same color a 
produced by the joint action of a solution of sugar and sulphuric 
acid. When exposed to the air in a moist state, they rapidly 
putrefy, producing ammonia, ammonium sulphide, c&rboD 
dioxide, lactic, butyric, and other fatty acids, amines, leudn, 
ty rosin, etc. 

ALBUMINS. 

615. Serum Albumin exists in blood, chyle, lymph, 
in small quantity in milk. Id certain renal diseases, it appears 
in the urine. When its solutions are heated to about 72" C. 
(161.6" F,), it coagulates to a flocculent precipitate, which, when 
dried, forms a compact mass. 

Its solutions have a specific rotary power of — 56°, Strong min- 
eral acids first precipitate it, then dissolve the coagulum. It is 
not precipitated by acetic acid alone, but when acidified with this 
acid, potassium ferrocyanide and ferricyanide coagulate it. 

The following reagents may be used to detect its presence in 
Holution ; citric or acetic acid with potassium ferrocyanide, potos- 
aio-mercurio iodide, mercuric chloride, picric acid, concentrated 
nitric acid, or trichloracetic acid. 

Egg Albumin is found in the white of eggs, and difiers from 
the above in being almost insoluble in nitric and hydrocbloric 
acids, and is precipitated by ether. Its specific rotary power is 
less than that of serum albumin, being — 35.5°. 
Vegetable Albumin occurs in small quantity in most vt 
table juices. It shows the same general properties aa 
other albumins. 

THE GLOBULINS. 

616. The globulins differ from the albumins in being insc 
ble in water, but soluble in sodium chloride solution (1 per centjl? 
Except vi tell in, tbey are precipitated by saturated solutions of the 
same salt. Soluble in very dilute HCl (1 part in 1000 1 " 
sufficient), with production of syntonin. 




THE GLOBULIJia. 307 ' 

Vitellin occurs in yolk of egg. A white, granular body, sol- 
uble in dilute NaCl BoluCioiiB, and not precipitated by a saturated 
solution of the same. It coagulates at about 70° C. (158° F.). 
Diaaolves readily in dilute acid (^ per cent.) and in alkalies ; 
it is precipitated by alcohol. 

Globulin or Ciystallin, occurs in blood, chyle, lymph, 
serous finiils, and the crystallioe lens. la many of these fluids 
it exists in large quantity, and these coagulate spontaneously 
when removed from the living body, forming flhnn — probably 
by the combination of two modified forms of globulin called 
fibrinogen and fibrinoplastin. Globulin is not precipitated 
by a saturated solution of Nad, but is precipitated by alco- 
hol, or by carbonic anhydride allowed to bubble through the 
liquid. 

Closely allied to globulin are two substances found in animal 
fluids ; viz. fibrinogen and fibrinoplastin or paraglobulin. 

Fibrinogen is found iu blood, chyle, lyraph, and in serous 
fluids, but e'ipecially in hydrocele and pericardial effusions. 

Fibrinoplastin is met with in the serum of blood after coagu- 
lation, in white corpuscles, lymph, chyle, pus, connective tissue 
and the cornea. 

These bodies are soluble in acetic acid, dilute alkalies, alkaline 
carbonates, and neutral saline solutions; but are precipitated from. 
solutions by a current of carbon dioxide and very dilute aeetio 
acid (-^ per cent.) The neutral solutions of these bodies, when 
mixed in presence of a special ferment, form fibrin. This is 
supposed to explain the coagulation of blood, etc. Borne authors 
claim that fibrinogen alone, with a soluble ferment, is concerned 
in the production of fibrin. Tbese generators of fibrin are prob- 
ably all derived from the white corpuscles. 

Myosin, or muscle fibrin, is intermediate between globulin 
and fibrin. It is the name given to the solid which separates in 
tbe coagulation of muscle plasma, and forms an elastic gelatinous 
mass. Muscle juice, free from blood, is a yellowish, opalescent, 
syrupy, faintly alkaline liquid, coagulating at ordinary temper- 
atures. The clot is called myosin. 

Syntonin is easily prepared by treating myosin with a very 
small quantity of HCI. 

Fibrin is a white, elastic, more or less flbrillated solid, insolu- 
ble in water or dilute salt solution. Soluble in acids (1 to 5 per 
cent.) with difficulty. With strong hydrochloric acid, it forms a 
violet solution. When boiled with caustic alkaline solutions, it 
forms ammonia and alkaline sulphides. It forma a blue color 
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with hydric peroxide, or partially oxidized oil of turpentine, 
and treshlj prepared tincture of guaiacura. Fibrin may be 
prepared by whipping blood with a bundle of twigs, and wash- 
ing the coagulum with water and then with alcohol and ether. 

HEMOGLOBINS. 

617. The haemoglobins, or blood pigments, form the chief 
conatituent of red blood corpuscleB in vertebrates, and occnr in 
the muscle of mammals, and in the blood of a few of the inverte- 
brates. They all crystallize, but not with equal facility. All 
haemoglobine are of a blood-red or brick-red color when in pow- 
der. They contain from .4 to .6 per cent, ef iron, and differ 
slightly in composition. 

The crystalline forms of hfemoglobinB differ in difierent ani- 
mals. The crystalline blood pigments are osyhsemoglobins. 
Hsemoglobin forms a feeble compound with osygenj which it 
releases by heating its solutions in a vacuum or in presence of 
ferrous sulphate, ammoniuio sulphide, stannous chloride, etc. 
Reduced hiemoglobin and oxyhsemoglobin are distinguished by 
their absorption spectra, the latter showing two such bauds eepft- 
rated by a green band, while the former shows but one broad 
band occupying nearly the position occupied by the greenieh- 
yeilow band between the dark hands above mentioned. (See 
Figs. 10 and 11, Frontispiece). Hsemoglobin unites with nitric 
oside, carbon monoxide, hydrochloric acid, etc. Some of these 
compounds give peculiar spectra; they are not easily expelled 
by oxygen, and hence are deadly poisons when inhaled. 

Heematin, C^JIsiNiFeOi, is obtained in the form of a salt, 
by the decomposition of oxyhsemoglobin with an acid. It is an 
amorphous, blue-black, mass, with a metallic lustre, insoluble in 
water or alcohol, but soluble in alkalies. It yields two different 
spectra; one with oxygen, and another with carbon dioxide. 

H^matin Hydrochloride, or hzcmin crystals, may be 
obtained by heating hferaogSobin or dried blood with common 
salt and glacial acetic acid. It forms thin, rhombic plates, having 
a brown-red color. The formation of these blood crystals is 
used to detect blood stains in criminal cases. The drop of dried 
blood is placed upon a microscopic slide, together with some pul- 
verized common salt, and then treated with glacial acetic add, 
and a cover glass placed upon it. Heat the slide until bubbles 
appear in the acid, cool, and examine with a J-inch objective. The 
presence of blood is indicated by the presence of the crys 
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ALBUMINATES (Derived Albumins). 

618. There are two forma of these compounds, the acid albu- 
minate and alkali albuminate. They are obtained by dis- 
solving albumin in acids or alkalies. Some of the acid albumins 
contain sulphur, while the alkali albumius do not. When freshly 
prepared, they are soluble in dilute acids, alkalies, and alkaline 
carbonates, and their solutions are precipitated by careful neu- 
tralization, but not by boiling, and with difficulty by alcohol. 

Alkali albumin occurs in blood Cells and blood serum, chyle, 

fiancreatic, nervous and corneal tissues, and in the crystalline 1 
ens. It closely resembles casein. | 

Acid Albumin, Syntonin, or Albumose. — Some authors 
limit the term acid albumin to the acetic acid compound, and 
syntonin to the hydrochloric acid compound, the first result of 
the action of gastric juice upon albumin. This distinction seems 
likely to confuse, and is, at least, unnecessary. Acid albumin, 
when pure, is a white, gelatinous mass, insoluble in water or 
salt solutions, but soluble in very dilute hydrochloric acid or 
caustic alkalies, and its solutions are not precipitated by boiling 
with water alone, but are coagulated by boiling with solutions of i 
magnesium sulphate, strong salt solutions, alum, and many other | 
metallic salts. Pure nitric acid gives a precipitate with its solu- 
tions. 

Casein is a natural alkali albuminate found in milk of mam- 
mals, and differs ouly in some slight particulars from that found | 
in blood, muscle, etc. 

Casein exists in milk in the soluble form or in a state of scmi- 
solubility. Under a high magnifying power the casein can usu- 
ally be seen as a very finely granular solid, and therefore a 
portion of it, at least, must be in suspension, instead of in actual 
solution. There is a slight difference in the composition and 
properties of casein of cow's and of human milk, which explains 
a part of the difference in digestibility of the two. The format 
is more soluble in water and alcohol than the latter. Casein ia 
somewhat richer in nitrogen than alkali albumin ; it yields sul- 
phur to heated potassium hydrate, which alkali albumin does 
not. It is coagul_ated by rennet, which is not the case with alkali 
albumiu. Its solutions do not coagulate on boiling, are precipi- 
tated by most acids, but not by simple nentrali nation in presence 
of an alkaline phosphate. Potassium ferro-and ferri- cyan ides, 
and dilute sulphuric acid precipitate casein in presence of free 
acetic acid. Retmet contains a special curdling ferment, as also 
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do gastric and pancreatic juices, which can precipitate cas^Q 

in alkaline solutions at alighlly elevated temperatures. 

Vegetable Caseins. — Legumin occurs in the leguminous 
plants, as an alkali albumiuate. It may be obtained from 
softened peas, beaua, etc. It resembles casein in its properties. 
It dissolves iu dilute alkalies and acids, and when the albuminate 
solution is boiled, it forms a pellicle like milk. Conglutin 
resembles legumin, and ia found in almonds, Jternels of moat 
stone fruits and lupins. Gluten fibrin occurs with other pro- 
teidsin moat of thecerea! grains. Gluten, so called, ia a mixture 
of several proteid substances. Gluten fibrin is insoluble in 
water and strong alcobol, but soluble in alcohol containing 
acetic or tartaric acid. Soluble in dilute acids and alkalies. 
Boiling water and salts coagulate it. Mucedin, and gliadin, 
are the gluten constituents soluble in alcohol. 



PEPTONES. 

619. The gastric, pancreatic, and probably the iDtestinal 
juices convert albuminous bodies into a more soluble ajid dif- 
fusible form, called peptones. Several different peptones have 
been described, but some of thera are probably mixtures of par- 
tially peptonized albuminoids and true peptone ; since the con- 
version is a gradual process of hydration, it ia but natural to ex- 
pect such a mixture. Dehydrating agents or simple heat can 
reverse the process, and convert peptone into albumin. Itseems 
certain that the first action of gastric juice is to produce two 
bodies closely resembling, if not identical with syntonine (acid 
albumin). These are further changed into two kinds of peptone, 
named by Kiihne hemipeptone and antipeptone. 

The reactions of peptones are mostly negative. Solutions of pep- 
tone do not exhibit a viscid character, are not coagulated by heat, 
nitric acid, or acetic acid and potassium ferrocjanide. Alcohol 
precipitates it, but the ptecipitate is soluble in water. Tannin, 
mercuric chloride, picnc acid, and potass! o-mercuric iodide and 
acetic acid precipitate it. 

The moat marked property is its extreme solubility in water, 
and its ready diffusibilitythrough animal membranea. Amyloid 
matter is not converted Into peptone by pepsin or trypsin. 

Lardacein, or Amyloid Matter is an amorphous, iriable 
mass, occurring iu certain regions of the body as a patholc^cal 
product. It seems to be a derivative of fibrin. It is generally 
found as little transparent grains, or corpuscles, somewhat reaem- 
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bling starch granules. The most usual locations are the liver, ; 

spleen and kidney. It gives raan^ of the proteid reactions. It ' 

is stained a reddish-brown color with iodine, which is changed to j 

a violet or blue tint by dilute sulphuric acid. Aniline violet '] 

stains it rose-red or violet instead of blue. Eosin stains it a ) 
bright red color. 

THE COLLAGENS. 

620. Collagen is the name given to the substance composing 
white, elastic tissue of the skin, tendons, etc. When boiled for 
some hours with water, it forms gelatin. Collagen and ossein 
seem to be closely allied in both composition and properties. 
Embryonic tissues when boiled, yield mucin and chondrin 
instead of gelatin. Ossein is the proteid basis of bones, and is 
converted into gelatin by boiling with water. 

Gelatin in the pur'e state is a colorless or slightly yellowish, 
transparent, vitreous, tasteless mass. It swells in cold water, 
and readily dissolves in hot water or glycerine, forming a thick, 
viscid solution, which sets or gelatinizes on cooling. Heating 
to 140° C. (284° F.) or long continued boiling destroys thu 
power of gelatinizing. It is soluble in dilute acetic and other 
acids, but insoluble in alcohol, ether and oils. Solutions of 
gelatin dissolve copper oxide with a blue color, which, on boil- 
ing, is reduced, but without separation of red oxide ; it therefore 
interferes- with the copper test tor glucose. An impure gelatin or 
glutin prepared from animal refuse (bones, hides, etc.), when in 
the dry state, forms glue. Liquid glue is a solution of glue in 
acetic acid. Solutions of gelatin are precipitated by tannic acid, 
mercuric chloride, alcohol, aud chlorine water, but not with 
acetic acid and potassium ferrocyanide, alum, or acetate of lead. 
Gelatin is lievogyratory. 

Chondrin exists in permanent cartilages, and forms gelatin 
on boiling with water. The gelatin from this source differs 
slightly from that obtained from collagen, or ossein. 

Mucin occurs in the cement substance of connective and 
epithelial tissues. It is also present in bile, and secretions of 
mucous membranes. 

To prepare it from bile, precipitate with alcohol, dissolve io 
lime water, precipitate again with acetic acid, filter, and waah 
with alcohol or ether. It swells up in a little water, and dis- 
solves in a large quantity. Its solutions do not coagulate on 
heating, and it contains no sulphur. It is insoluble in alcohol, 
ether, chloroform, or gastric juice. * 
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[ It§ Bolutiooe are precipitated by acetic acid, alum, basic acetate 
[ (anb-acetate) of lead, and very dilute mineral acida. Its solu^ 
[ tiooB diasolve oxide of copper, and thus binder the copper teail 
[ for sugar. ■ 

BILIARY COMPOUNDS. " 

621. Bile contaioB a number of peculiar compounds, Bome of 
vhich occur in other auimal secretions. 

The three important classes of constituents are the acid?, the 
biliary piguients, and cholesterin. In addition, we find lecithin, 
cholin, fats, soaps, mucus, a diastatic ferment, and inorganic salte. 
For analysis of human bile, see Appendix. 

The bile of other animals contain some other ingredients not 
mentioned there, as hyoglycocholic acid, found in tbe bile of 
the pig, lithofellic acid, found in the bile of antelopes, Itya- 
nuric acid, found in the urine of dogs, and lithuric acid, 
found in calculi sometimes voided by oxen. Glycocholic acid, 
CwHuKOg, occurs in bile as a sodium salt. The acid occurs in 
two forms, the one as fine crystalline needles, and the other as an 
amorphous resinous solid. It is monobasic. It is soluble in hydro- 
cblonc, sulphuric and acetic acids without decomposition. Sol- 
uble in glycerine, slightly soluble in cold aad readily in hot 
water. Very soluble in alcohol and insoluble in ether. When 
boiled with alkalies or mineral acids, it splits up into cholic acid 
and glycocin. 

Taurocholic acid, CmH.sNSO,, occurs in small quantity in 
human bile, but in larger quantity in that of the carnivora. It 
is soluble in water and alcohol. With boiling alkaline or acid 
solutions it forms cholic acid and taurin. The spontaneooftjl 
decomposition of bile causes the same change. jH 

Tests for Biliary Acids. — To a solution of the biliary add^l 
add a few drops of a solution of cane sugar (1 to 10), and then ■* 
strong sulphuric acid. A cherry red, followed by a deep purple 
violet color is produced. This test, known as Pettenkofer's, can- 
not he applied to organic mixtures, as urine, because numerons 
other bodies give the same color. m 

To apply it to such mixtures, evaporate to dryness, exhausflH 
with ateulute alcohol, decolorize with animal charcoal, evaporat^H 
to dryness, treat with water, and then test as above. ^ 

621. Cholesterin, Gyfl^tO, may be obtained from tbe hot 
alcoholic solution of bile solids. It forms characteristic, glist^i- 
ing, rhombic plates, with notched edges or corners. It may be 
i^arded as an alcohol, and forms a series of ethereal salte with 
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acide. It is soluble in benzol, chloroform, hot water, ether, i 
hot alcohol. Insoluble in cold water. Heated with nitric acid, i 
gives off yellow acid fumea and forma cholcsteric acid, CbHioOs- 

Cholesterin forniB the chief portion of biliary calculi ; it ia also 
found in blood, nervous tisaue, the brain, yolk of eggs, and in the 
seeds of eome plants. 

Tests. — Cholesterin may be recognized: Ist, by the crystal- 
line form under the microscope ; 2d, when moistened with strong 
nitric acid, and evaporated to dryuesB, a yellow residue remains, 
which turns to a brick red on adding ammonia ; 8d, on warming 
with dilute sulphuric acid, and then adding a. drop of strong sul- 
phuric acid it turns deep red in color. 

The solution in chloroform, when shaken with an equal volume 
of strong sulphuric acid, forms a blood-red solution. 

623. Biliary Coloring Matters.— There are at least four 

Signnents obtainable from bile and biliary calculi, viz. : biliru- 
in, biliverdin, bilifuscin and biliprasin, Bilihumin and 
hydrobilirubin have also been described. The principal one 
of these, and probably the only one contained in bile when first 
secreted, is bilirubin, from which the others are derivatives. 

Bilirubin, C.jHi.N.O), is met, in the free state, in the bile of 
man and the carnivora, and ox bile; also, in combination with 
calcium, in biliary calculi. 

It is probably identical with the red crystalline matter of old 
hemorrhagic clots, called hematoidin, and with biliphaein, 
bilifulvin and cholepyrrhin. 

It may be prepared by treating the powdered biliary calculus 
first with ether, then with boiling water slightly acidified with 
hj'drochloric acid. The residue is washed with pure water, and 
dissolved in hot chloroform and filtered ; from the filtrate the 
chloroform is distilled off and the residue treated with absolute 
alcohol and ether, by which the bilifuBcin is removed and bili- 
rubin left. By dissolving in chloroform and setting aside, a part 
of it may be obtained as a dark red crystalline powder. It also 
exists as an orange red, amorphous powder. 

It acts the part of a weak acid, combining with sodium, cal- 
cium, barium, lead, etc. Formula of the calcium salt, (CjeH„N', 
Os),Ca. 

Bilirubin is closely related to hjcmatin, a derivative of hoemo- 
globin. This is its probable source. 

BCjjHj.N^FeO, + 30 = 6C,sH,,NjO, -(- 8FeO (7) 
Moderately strong nitric acid, added to an ammoniaciil solutioD 
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of bilirubin, first colors it green, then blue (bilicyanin), vid 
red and finally yellow. CGmeSin'a test for bile.) Nearly t\ 
same series of colors are produced by adding bromine to the 
chloroform solution, with the exception that it finally becomes 
colorless. Nascent hydrogen converts it into hydro bilirubin, 
C„H„N.O„ (urobilin of urine, stercobilin of fieces.) Hydro- 
bilirubin is a dark brown amorphous powder, soluble in alkalies, 
sulphuric and acetic acids, alcohol, ether and chloroform. It 
does not give the play of colors with nitric acid. It is probably 
formed in the faeces by the action of the nascent hydrogen, set 
free by the butyric and putrefactive fermentations, upoa bili- 

Biliverdin, CnHjoNjOs (or CiaHuNjO.), is aa oxidation pro- 
duct of bilirubin, and is readily formed by exposing alkaline 
solutions of this pigment to the air, or by similar treatment of 
fresh bile. It forma a green, amorphous powder, insoluble in 
water, ether and chloroform. It is soluble in alcohol, acetic acid 
and alkaline solutions, and reacts with nitric acid as does bili- 
rubin. Hydrobilirubin may be prepared from it. Biliprasin, 
CuHhNjOj, is found in human gall atones, and bilifuscin, 
CisHmNjO., occurs in small quantities in old bile, and in gal! 
stones. According to Stadeler, biliverdin is bilirubin + O and 
H,0. Biliprasin is biliverdin + H,0. Bilifuscin is bilirubin 
+ HjO. Viewed in this light these various pigments would 
appear to be formed in the following order r Hieraoglobin, b^ma- 
tia or htemotoidia, bilirubin, hydrobilirubin (urobilin or urooh- 
rome and stercobilin), bilifuscin, biliverdin, biliprasin. 

624. Urinary Pigments, — Besides urobilin, the urine con- 
tains at least one, and possibly more, coloring matters. Uroxan- 
thin or indigogen, is a normal constituent of urine, but ia much 
increased in the first stage of cholera, and in carcinoma of the 
liver. According to some authors, this coloring matter ia iden- 
tical with indican. 

Uroxanthin may be detected in urine by adding to the urine 
its own volume of hydrochloric acid and a few drops of a solutios 
of chloride of lime ; the solution is colored red, violet, ^een, or 
blue, according to the amount of uroxanthin present. In sdme 
cases this test succeeds with hydrochloric acid alone. 

In some cases the urine containing uroxanthin becomes bine, 
on standing for some days, from the spontaneous putrefaction. 

Urobilin may be detected in fever urines by making them 
alkaline with ammonia, filtering, and adding a few drops of ainc 
chloride solution, when it will show a green fiuorescenoe. This 
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urobilin reaction may be obtained more distinctly' by 
the urine nith ether, separating the ethereal solution, and, 
evaporating the ether, dissolving the pigment in absolute al 
This solution will usually show the green fluorescence. UrO' 
chrome (Tbudichum) uromelanin (Thudlchum) urocrythrin 
and other pigments have been described, but the whole subject 
ia enveloped in much uncertainty and confusion. 

Black urine is occasionally seen after breathing arseniuretted 
hydrogen, in carbolic acid poisoning, and after inunctions of 

Melanin (Melanogen), is the black pigment of the choroid, 
melanotic tumors, and ekio of the negro. 

Pathologically, it ia found in the urine of persons suffering with 
melanotic cancer, and sometimes with malaria. It is sometimes 
deposited in the lungs. Urine containing melanin turns dark on 
exposure to the air, or, more rapidly, with oxidizing agents, as 
nitric or chromic acids. Its detection is useful to the physician, 
as an aid to the diagnosis of melanotic eaucer of liver, etc. 

IMPORTANT VEGETABLE COLORING MAT- 
TERS. 

62>3. Indigo is a blue coloring matter derived from several 
species of Indignjera, and other plants growing in India, 
Africa and South America. It exists as a glucoside, called 
indican, which is extracted with water ; the liquid allowed ta 
'ferment in the air deposita the indigo as a blue powder. Com- 
mercial indigo is a mixture of several bodies, containing about 
60 per cent, of indigo-blue or indigotin, C|sHioN,Oi. 

Indigotin haia a deep blue color, with a purple tinge ; it is 
iolubie in water, alcohol, dilute acids and ^kalies, but soluble 
in boiling aniline, and in Nordhausen sulphuric acid, forming 
indigotinsulphonic or sulphopurpuric acid, C.jHbNiO, 
SO3H. On neutralizing this solution with potassium or sodium 
carbonate, a blue precipitate of the potassium or sodium salt is 
obtained. These salts are insoluble in common salt solutions but 
soluble in pure water, and are met with in commerce under the 
name of " indigo carmine" or "indigo extract." The aqueous 
solution of these salts, is used as a test for glucose in urine. In- 
digotin sublimes when heated, the vapor condensing into blue 
crystals. Reducing agents convert indigo-blue to indigo-white, 
or hydro-indigotin, C|bHi,NjO„ which in the moist state oxidizes 
to indigo-blue. In dyeing with indigo, the goods 1 
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indigo-white, and then exposed to the wr. when indigo blna is 
deposited in the cloth. Indigotio has been prepared Bpitbe- 
tjcaily. 

Litmus is a purplish-blue coloring matter obtaioed from 
lichens ; generally tVom Letanora laTtarea, by steeping in nrioe, 
adding lime and potassium carbonate. The mixtore is exposed 
to the air for a few weeks, with frequent attrring, when a thick, 
blue solution is obtained. This solution is thickened Qp with 
plaster- of 'Paris or chalk, formed into cakes, and cut into little 
cubes. The coloring matter of litmus is a weak acid, forming 
salts having a blue color, the commercial product being the 
potassium salt. With acids it becomes red, from the liberstioii 
of the acid. Turmeric is the root of Cucurma tonga ; it yields 
a yellow tincture, which turns brown with alkaiies. It is used 
to a large extent to give a yellow color to various articles of 
food, as mustard, chow-chow, vermicelli, etc 

Saffron is the stigmas of the flower of Oroeua saliva. It yielda 
to dilute alcohol a yellow coloring matter called polycfaroit or 
crocin. 

Tioctura croci is officinal (IJ. S. P.). 

SaSron is used to color certain articles of food, as butter, 
cheese, etc. 

Annatto is a yellow color, obtained from the seeds of Bim 
orellana. It is used in coloring butter, milk, cheese, etc 

Logwood, the wood of Hcmatoxylon, contains a purple 
dye, hematoxylin, used for purple and black dyes. It is offidnal, 
and is used as a tonic and astringent, Brazil wood fumbba 
red dyes and lakes. Cochineal, the female of the insect Ooeau 
cacti yields to boiling water and alcohol, a beautiful, red color- 
ing matter, which, precipitated with alum and an alkaline carbo- 
nate, yields carmine. Chlorophyll is the name given to the 
green coloring matters of the leaves of plants. It occurs as 
microscopic granules distributed through the cell protoplasni in 
all the green portions of the plant. It may be extracted with 
alcohol, ether and benzol. 

Very little is known of this body, but it seeras to be eompoeed 
of two coloring matters, a blue and a green. It contains iron, 
and is suppesed to posseea the power, under the influence of 
sunlight, of decomposing CO, and uniting the carbon to the de- 
ments of water. The yellow color of autumn leaves, is due to 
xanthophyll, an oxidation product of chlorophyll. 




C0MP0UND8 OP ANlrfAL ORIGIN. 

COMPOUNDS OF ANIMAL ORIGIN NOT 
OTHERWISE CLASSIFIED. 

626. Leucin, C,H,„(NH.),0.j (Amido-caproic acid) 
in various organs, intestinal contents, and aometimes in t 
eepeciallyin yellow atrophy of tUe liver. 

It may be obtained by pnacreatic digestion of albuminous 
matters, or by treating horn shavings with dilute sulphuric acid. 
It is a white, crystalline solid, forming shining plates, soluble ia 
water. It unites with both acids and bases. 

Tyrosin, C^HuNOs, ia formed at the same time with leucin, 
and the two usually occur together. It crystallizes in fine 
needles, which aggregate into sheaf-like bundles or radiating 
spherical masses. It is but slightly soluble in cold water, and 
unites with both acids and bases. 

Lecithin, ChHboNPO,, is an amorphous, waxy substance, 
very hygroscopic, soluble in alcohol and ether. It is found in 
nerve tissue, especially the gray variety, in yolk of egg, semen, 
blood, milk, bile, etc. It plays the part of a fatty body. It is 
unstable, and is decomposed by boiling alkalies into glycerin- 
phosphoric, oleic, palmitic and stearic acids, neurin,etc. 

Protagon, or Ccrcbrotc, CibiHmsNsPOjs (Gamgee), forms 
the principal part of the white substance of Schwann. It is a 
elucoside, and lecithin is one of its decomposition products. It 
IS insoluble, but swells up in water, and is soluble in warm 
alcohol, from which it crystallizes in fine needles. 

Thudiehum has recently described a number of other phoa- 
phorized substances obtainable from brain tissue, which he classi- 
fies under two heads as kephalins and myelins. Also a large 
number of other products, of which little is known. 

Kreatin, C,H,NsO„ is a weak base, forming crystalline salts 
with several acids. It forms colorless, transparent prisms, spar- 
ingly soluble in cold and moderately soluble in hot water. It is 
found in muscles, Liebig's extract of meat, and in urine. 
undoubtedly an antecedent of urea. 

Kreatinin is formed from kreatin by dehydration, and is 
usually found with the latter. It is a strong base. 

Xanthin, CsHjN.Oi, ia met with in the spleen, i 
creas, liver and urine. It seems to be an antecedent of uric 
acid. It forms white scales, sometimes depositing from urine as 
minute lemon-shaped plates. It is nearly insoluble in water, 
but soluble in dilute acids and alkalies. It is sometimes found 
in urinary calculi. 
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Hypoxanthin, CtHiN.O (aarkin), ia a white crystalline 

powder, found ia the gpleen, thyniiis, muscular tittle, medulla 
of bones, urine, etc, Allantoin, Carnin and Guanin are 
allied to the last two bodies, ail being compound ureas. 

ALBUMINOID OR SOLUBLE FERMENTS. 
627. The soluble or unorganized ferments, or enzymes, 

are a class of albuminoid bodies which have the power, under 
fevorable circuraBtances, of causing certain chemical changes in 
other bodies with which they are brought in contact, without 
themselvea undergoing any change. They are called ferments 
because of the similarity of their action to that of yeast and 
other well-known ferments. Some of these bodies are of vege- 
table, while others are of animal origin. Those of vegetable 
origin are diastase, emulsin and tnyrosin; while those of 
animal origin are ptyalin (salivary diastase^, pepsin, curdling 
ferment, pancreatic diastase, trypsin, invertin, emulsin 
ferment, histozym, and probably others. 

The exact chemical composition of these bodies ia unknown, 
except that they are proteids. They are all soluble in water, 
are precipitated by alcohol and by lead acetate. They are very 
diffusible, lose their activity by being boiled with water, but are 
not precipitated. They have not yet been obtained in a state of 
absolute purity. Their action seems to be purely physiological, 
and not chemical. They impart nothing to or take nothing 
&om the bodies they act upon. 

Diastase, or Maltin, is the ferment formed from the glu- 
ten in the cereal grains at the time of sprouting Its chief object 
is the conversion of starch into dextrin and maltose. Ptyalin 
of saliva, and pancreatic diastase, if not identical with vegetable 
diastase, act in exactly .the game way. They all act upon cooked 
starch with great rapidity, but have a very slow action upon 
unchanged starch. The process is one of hydration, and the 
action is similar to that which takes pllice when dilute sulphuric 
acid is boiled with starch or cellulose. When water is added 
to H30. it probably forms H.0,3, (H^0..2H,0) or orthosul- 
jjhuric acid. This acid, when boiled, tends to part with a por- 
tion of its water, and if starch or other easily hydrated compound 
be present, it imparts this water to that body, in the nascent 
State, so to speak. Diastase acts upon the starch in the cold in 
the same way that Hj^O, does at a higher temperature. The 
first efiect is to thoroughly liqueiy the starch, then convert it 
into dextrin, and finally the dextrin into maltose. 
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The amount of starch that a. given weight of diasta^ can thus 
transform is variously stated at from 2000 to 100,000 times its 
own weight, which, however, seems to be a fixed quantity with 
any given apecimen of diastase. The rapidity of ita action seems 
to depend upon the relative proportions of starch and ferment 
present. When the ferment is present in large quantity, the 
action is very rapid, almost instantaneous; while if it is aiuall 
in proportion to the starch, it ia slower in action. Diastatio 
ferment doea not exist in the saliva and pancreatic joice of in- 
fants, previous to the sixth or seventh month, in sufficient quantity 
to digest much starch. 

Emulsin or Synaptase occurs in sweet and bitter almonda. 
It may be extracted by digesting the almonds, freed fiova fat by 
pressure, for several hours with water. The iiltered liquid la 
acidified with acetic acid, to precipitate conglutin, and the emulsin 
ia then thrown down with alcohol, filtered off, washed with alcohol 
and dried. It is a white, friable mass, soluble in water, and 
capable of converting large quantitiea of amygdalin into sugar, 
pruBsic acid and benzoic aldehyde; it also converte aalicin into 
sugar and saligenin. Ita aqueous solution readily decomposes, 
yielding lactic acid. 

Myrosin is the ferment of mustard. 

Pepsin contained in gastric juice, ia secreted by the glands 
of the stomach. It may be separated from the other constituents 
of filtered gastric juice by dialysis, as it does not diffuse through 
Oiembranea. It is readily prepared by digesting the mucous 
^luembrane of the pyloric end of the stomach of the pig, first with 
Btrong alcohol, and after twenty-four hours expelling the alcohol 
by pressure, and digesting for some days with glycerin, alightly 
acidified with hydrochloric acid. Filter through muslin, then 
through paper, precipitate the pepsin with absolute alcohol, col- 
lect on a filter and dry. Other methods are in use. 

Pepsin ia a yellowish or grayiah-white powder, soluble in water 
and glycerin, but insoluWe in water. It gives none of the 
albumin reactions, and is precipitated by the acetates of lead. 
When dry, it may be heated to 110° C. (230° F.) without loeing 
activity, but its solutions lose it at a much lower temperature. 
[ts activitj^ is greatest at about 37° C. (98.6° F.), and requires 
lydrocbloric, ^ospboric, lactic or other dilute acid to develop 
its peculiar action. The presence of 0.1 per cent, of NaCl favors 
its action, but more than 0.5 per cent, binders its action. Ad- 
mixture of bile, carbolic acid, or excess of alcohol retard or 
entirely prevent its action. The acid of gastric juice is mostly 
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hydrochloric during the intervaU of digestion, but duriDg diges- 
tion several organic acida are set free by the hydrochloric add 
from the acetates, malates, tartrates, elc, talcen with the food, so 
that the real work of the digestion is accomplished with the aid 
of various organic acids instead of hydrochloric alone. The 
speciSc action of pepsin is the change of proteids, whether coagu- 
lated or not, into syntonins and, finally, peptones. Pepsin Je 
scarcely altered by putrefaction. 

Trypsin occura lo the pancreatic juice, and may be extracted 
from the pancreas by the proceas described above for pepsin. 
Thus prepared, pancreatin is a yellowish- white amorphous pow- 
der, soluble in water and glycerin, but precipitated by alcohol. 
It possesses the property of acting upon the proteids in a way 
somewhat similar to pepein, but is active only in alkaline solu- 
tions. It also converts starch into sugar, emulsifies and partially 
saponifies the fats, and curdles casein. 

A part of the peptone at first formed by the pancreatic juice, 
ia afterward converted into tyroain and leucin. The digestion 
of the proteids is thus begun in the sstomach.'in an acid medium, 
and finiBhed in the small intestine, in an alkaline medium. There 
ia this difference in the two processes, that while acid pepsia 
readily liquefies the proteid bodies, it does not completely convert 
them into peptones; this completion of the process is more 
quickly and completely done by the trypsin. 

Invertin is a ferment existing in the intestinal juices, whidi 
has the power of inverting cane sugar; i.e., it converts it into 
dextrose and Iffivulose. Of its composition and other properties 
little is known. Invertin, or a substance possessing the same 
property, as well as a diaatatic ferment, is found in the liquid 
portion of bakers' or brewers' yeast. 

Histozym is a soluble ferment, supposed tu exist in the 
blood, liver and kidneys, and which has the power of causing a 
variety of reactions within the body, such as the conversion o' 
benzoic acid into hippuric acid, etc. 

Some authors have described certain other ferments under the 
of microzimaa, which act as active chemical and ph^o- 
logical agents in the body during life, and cause its decompoaitioo 
after death. They appear as minute molecular granulationi, 
and are regarded as a part of the living organism by Si 
as dislinct organized ferments by others. 
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ORGANIZED FERMENTS. 

628, Somewhat aituilar in action to the preceding group of 
ferments are certain forms of low vegetable organtama, which 
are known as organized ferments. These organisms vegetate 
most readily at temperatures of from 20' C. (68° F.) to about 
40° C (104° F.). Temperatures above or below these limits 
retard their growth, while a temperature near the boiling point 
entirely destroys their activity. A very minute quantity of any 
of these ferments can grow and exert its peculiar action as 
long as its peculiar nourishment lasts. Organized ferments 
excite cheinical changes as the direct physiological result of their 
growth. They are all killed by hydrogen peroxide, and the 
chemical change is stopped by it. Borax stops the action of 
soluble or albuminoid ferments. All physiological fermentations 
in the organism are caused by the soluble ferments, while patho- 
logical fermentations are caused by the organized ferments. 

The most important of the ferments of this class are yeast, or 
alcoholic ferment, acetic acid ferment, lactic, butyric and putre- 
factive ferments. With the exception of the first of these organ- 
isms, they all belong to the bacteria family. 

Yeast (Tonila, or Saccharomyccs cerevisisc) consists 
of one-celled, globular or oval-shaped plants, multiplying by 
budding. There are several varieties of this fungus. The prin- 
cipal action caused by yeast in saccharine fluids is, first, to convert 
the saccharose into grape sugar, and then change this into alcohol, 
carbon dioxide, and a trace of succinic acid and glycerin. The 
spores of yeast are always to be found either in the air or upon 
the surface of fruit, whence they find their way into the solutions 
made from their juices, which explains the apparent apoutaneous 
fermentation. 

Acetic acid ferment (tnycoderma aceti) occurs usually 
in the form of chains of very small globular bodies, formed by 
mnltipti cation of the colls by divisions, at right angles to the line 
of growth.' It belongs to the bacteria family. It grows in alco- 
holic solutions Gontaming a small amount of atbumioous matter 
or ammonincal salts, and alkaline and earthy phosphates. A 
little acetic acid favors its growth, as well as a free supply of 
air. It acts by causing an oxidation of the alcohol to acetic 
acid; when this change is complete, the ferment dies for want of 
nourishment. 

Saccharomycctcs Albicans (Oidium Albicans) is the 
ferment which is found growing upon the mucous membrane o 
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the mouth of infaDts, producing the disease known as " thrush " 
or "Hprue." The funguB appears as white patches upon the 
tongue and other parts of the mouth. The ceils are globular, 
oval, or cylindrical, and occur in colonies or rows. It excites 
alcoholic fermentation, biit feebly. 

Lactic and butyric fermentations go hand in hand, the first 
usually, if not always, preceding the latter. They require a 
neutral or alkaline medium for their development, and grow best 
without oxygen, at a temperature of 35° C. to 40° C. (95° P. to 
104° F.). These conditions exist in the intestines, and they are 
always found there. The sublances moet prone to these ferment- 
ations are sugars, organic acids, soluble proteids, and especially 
mucus. The products of the fermentation are lactic, acetic and 
butyric acids, carbon dioxide and free hydrogen. These gases 
distend the bowel and often produce colic. Any excessive pro- 
duction of mucus in the bowel greatly favors these fermentations. 

Putrefactive fermentation is caused by the growth of 
various forms of bacteria. The proteids are moat liable to putrid 
fermentation, splitting up into fats, tyrosin, leucin, arainosia, 
sulphuretted hydrogen, carbon dioxide, hydrogen and nitrt^en. 
This fermentation takes place in all organic infusions contiuning 
proteid matters, when exposed to the air ; it also occurs in tlifi 
small intestine in ca^es of constipation, or in some forms of 
indigestion, and to a slight extent in the normal condition. 

POISONS AND THEIR ANTIDOTES. 

629. Of the emergencies which arise in every-day life, or even 
in the practice of the young physician, none are more embar- 
rassing than acute poisoning. The word poison, to many people, 
carries with it on idea of horror and panic. Even the physicisn 
is liable to something akin to alarm, when he comes into the 
presence of a_ victim of a violent poison. It is for this reason that 
ve introduce a. few of the most common poisons, with their anti- 
dotes. We do not intend to give a guide to the treatment of cases 
of poisoning, but merely a few simple rules to be remembered as 
first aide to those sufiering with acute poisoning. 

630. The first thing to be considered is, the symptoms of 
poisoning. Not unfrequently persons claim to have taken 
poison, when such is not the case. Or, suspicious friends tear 
that poison has been taken. The author has often met with cases 
of this kind, where a knowledge of the symptoms of poisoning 
has saved the patient a. very disagreeable experience, and the 
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^HnEiciaa a great deal of trouble and future cbagrin. The luedi- 

vCaljurUtsliould be familiar with the nature and actions of puiaons, 
the syniptoms which tliey produce, the circumstances which re- 
tard or otherwise modify their action their chemical and physio' 
logical antidotes, the pathological changes they induce, and the 
methods of combating these results. It ig our purpose, here, to 

. name a few of the symptoms of poisoning, and then to offer a 
few hints as to antidotal treatment. 

The chief characteristics of poisoning are, more or less severe 
Bymptoms coming on suddeuly, or within a few hours after taking 

^ some substance or fluid into the stomach, the individual being 
previously in a state of health. These symptoms usually increase 
steadily and uniformly, and tend to prove rapidly fatal. The 
symptoms may be greatly varied aB to time and severity, by 
the quantity or form in which administered, the state of the 
stomach^whether full or empty — the condition of the person — 
whether asleep or awake — -and a certain idiosyncracy of the 
individual. The symptoms which should arouse suspicion of 
acute poisoning are, the sudden onset of pain 'in the region of 
the stomach of a healthy person, especially of a " burning pain," 
accompanied by dryness of or a metallic taste in the throat, more 
or less vomiting, great prostration of the vital powers, a deathly 
or cadaveric aspect, or an expression of great fear or concern, the 
rapid intervention of coma, and speedy death. If ail, or the 
greater number of the above symptoma are present in any case, 
there is reason for Buspicion, and the physician should govern 
himself accordingly^ (See remarks under Arsenic, Art. 244.) 
Poisons may, for convenience, be divided into the following five 
classes, based upon their effects upon the human subject : 1st, 
Corrtwives; 2d, Irritants; 3d, Neurotics; 4th, Septic Poisons; 
5th, Gaseous Poisons. 

631. Corrosive Poisons.— To this class belong those poisons 
which exert, principally, a local action upon the tissues with which 
they come in contact. The most important of this class are cor- 
rosive sublimate (HgCI,), the concentrated mineral acids (sul- 
phuric, hydrochloric, nitric), and oxalic acid ; the alkalies and 
their carboDat«s (potassium, sodium, and ammonium hydrates and 
carbonates) ; corrosive salts, as bisulpbates of the alkaline 
metals, alum, nitrate of silver, chloride of zinc, butter of anti- 
mony (8bCli,). Carbolic acid is a violent corrosive, when con- 
centrated, and also has a remote effect upon the system after 
heins absorbed. The symptoms of corrosive poisoning follow 
" after taking the poison, and are a sense of acid, alka- 




I 



324 



OBGANIC OHEKfflTRY. 



line, or metallic, burniDg pain iu the mouth, throat, gullet 
and stomach, UGually inducing vomiting, irhich, however, does 
not relieve the distress. The pain soon extends over the en- 
tire abdomen, and is accompanied with symptoms of ahock, or 
collapse. 

632. Irritant Poisons. — Irritant poisons give rise to pain in 
the stomach, of a burning character, usual^ cotning on some 
minutes or hours after taking the poison. In this respect, they 
differ in their action from the corrosives. The pain is accom- 
panied, or followed, by vomiting, fdntness, purging and tenesmus ; 
the evacuations being often tinged with blood. The pulse ia 
weak or irregular, and there is frequently severe headache. 
Death ia usually caused by collapse, convulsions, or by inducing 
severe inflammations, which wear the patient out, after a variable 

Clod of time. Some have, also, a specific physiological action, 
ides their irritant action. The following are the more com- 
mon irritants : Dilute mineral acids, concentrated organic acida, 
lime, zinc, copper, barium, silver and mercuric salts ; all com- 
pounds of arsenic and antimony ; phosphorus, iodine, bromine, 
etc. Many kinds of food may, under certain imperfectly under- 
stood conditions, become irritant poisons. Meat, flsh, lobsters, 
tomatoes, etc., especially after having been canned and then ex- 
posed to the air. 

633. Neurotic- Poisons. — The neurotics exercise their ac- 
tion through the nervous system, and, therefore, only after 
absorption into the circulation. They rarely exert any local 
action. The neurotics are sometimes subdivided as follows : — 

ItercMJtios, or those producing sleep Opium. 

Ansestbetics, or those producing insenaibility Chloroform. 

luebriantB, or Ihose produciag mtoEicadoD Alcohol. 

Delirianta, or those producing deliriura Hyoacyamns. 

ConTulsives, or those producing spaems Strychnine. 

Hypoathenisants, or those producing death by syncope Prussic acid. 
DeprosBantS, or those producing marked depres^on Nicotine. 

634. Septic Poisons. — To this class belong certain poisons 
introduced into the body through abrasions of the skin, open 
wounds, or by the fangs or sting of venomous animals or insects. 
In many respects these poisons resemble, in their action, the de- 
pressing narcotics. 

635. Poisonous Gases. — To this class belong carbon mon- 
oxide (charcoal fumes), carbon dioxide (choke damp), marsh gas 

} damp), illuminating gas, hydrocarbon vapors, sewer gas, 
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KifiDed air of living apartments, and noxious gasea 
3 manu&cturing establishmeDts. 

TREATMENT OF ACUTE POISONING. 

i6. In every case of acute poisoniug, or where tbe Bymptoms 
pd circumstances indicate that a poison haa been taken, the 

rst thing to do is to produce vomiting (eniesis), or to 
nptj the stomach with the stomach pump. Then combat 

e local and constitutional effects of the poison by appropriate 

THE PRINCIPAI, EMETICS. 

inc Sulphate. — Give 20 graina at once, or, dissolve ^hs in 

two ounces of water, and give tablespoonflil every 15 minutes. 
lopper Sulphate. — 5 grains every 15 minutes, or, stUl better, 

10 grains at once, followed by tepid water. 
lum. — A tableapoouful, given in syrup or honey. 

ustard (ground). — A dessertspoonful, stirred in tepid water 
■ ' ' " ' Very efficient, and is somewhat 



and quickly swallowed. 
Btiroulating. 
' Apomorphinc. — Give -^ 
Syr. Ipecacuanhee. 



J rain hypodermically. 
mostly for children. Is depressant. 
fgj every 15 minutes to a child two years old, until emesis is" 
produced. 
Tepid Water. — Drink copiously. It may be assisted by tickling 
tbe throat with a feather or the extended finger. 

SPECIAL POISONS AND THKIK ANTIDOTES. 

637. Strong Mineral Acids. — Chalk, lime, whitewash, mag- 
nesia, alkaline carbonates, baking soda, soap. Then give oil 
freely, and mucilaginous drinks. 

Oxalic and Tartaric Acids. — Cbalk, lime-water, whitewash. 

After Treatment. — Mucilaginous drinks given freely, stimu- 
lants well diluted. 

Alkalies, Caustic and Carbonated. — Vegetable acids, 
such as vinegar, lemon juice, tartaric or citric acids ; fixed oils, 
such as castor, linseed, olive or cod-liver oil. Mucilaginous 
. drinks may be given freely. 

Antimony ^Tartar Emetic — ^ine of Antimony, or 
Oxide of Antimony. — Assist the vomiting by draughts of 
warm water, or mucilaginous drinks, such as flaxseed tea. Thi 
give a cup of strong tea, or an infusion of oak bark, or a sol 
tion of tannin. This may be followed by opiates. 
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Chloride of Antimony. — Magne^a and baking soda. 

Arsenic— White Arsenic— itrsenious Acid. — Expel the 
poisoD by thurougb emesjs. Promote the sickaess by free use of 
albuminous or mucilaeiooua drinks. As an antidote, give rtLir 
eggs, beaten up in roilk, freshly prepared ferric hydrate, solution 
of ilialyseil iron, or calcined magnesia, followed by atiinutanU 
well dilul«d. 

Metallic Salts^Alum. — Alkaline carbonates, baking soda. 

Soluble Barium Salts. — Soluble sulphates, Ep9om or Glau- 
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Soluble Copper Salts. — Albumin, white of egg and milk, 
baking muliL. 

Iron— Green Vitriol— Persulphate of Iron. — Baking 
Hoda and emetics. 

Lead — Sugar of Lead, W^hite Lead. — Solution of Epaom 
or Glauber's salt, dilute solution of H-,SO.. 

Mercury— Corrosive Sublimate.— Albumin, white of egg 
and milk, followed by eraetica. 

Silver Nitrate — Lunar Caustic. — Common salt. 

Zinc Chloride — Soldering Fluid, Burnett's Fluid.— 
Baking soda, milk, white of egg, tea, decoction of bark. Give 
opium to relieve the pain. 

Tin, Chloride of. — Baking soda, magnesia, milk and white 
of egK- 

Iodine — Most common form the tincture. — Give boiled 
starch paste, made thin enough to drink. In urgent cases, use 
starch or fli>ur, with cold water. 

Phosphorus — Rat Poison. — Has no true 'chemical anti- 
dote. Magnesia, milk of magnesia, chalk, or lime suspended in 
gruel, turpentine. Give no fixed oils. 

Poisonous Meat, Fish, Lobsters, Etc. — Encourage 
vomitiny; by copious draughts of water ; counteract depression 
with diluted brandy or whiskey; relieve pain with opium or one 
of its preparations. Apply hot fomentations to abdomea. When 
vomiting ceases, give castor oil or other laxative. 



Narcotics— Opium, Morphine, Laudanum, Paregoric, 
Soothing Syrups, Quieting Cordials, Etc. — First empty 
tliusl.otiuii'liof any poison still remaining unabsorbed, byemetios. 
The piUi'iit is to be kept awake by forced walkiug, by the eold 
douciic, or Jlaifcllatioua with wet towels. Faradaic electridty may 
bo sppliod to the spine. Give strong coffee in abundanoe. 
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Anaesthetics— Vapors of Chloroform or Ether, Chloral, 
Methylene Bichloride, Nitrous Oxide, Etc. — Pure air, 
cold douches, artificial respiration, hypodermic injectioDS of 
brandy, aquae ammonia (diluted), or nitrite of amyl. Galvanism 
or Faradism may be employed, if the instruments are at hand. 

Inebriants — Alcohol, Cocculus Indicus, Nitrobenzol 
(Essence of Mirbane), Aniline, Etc. — Emetics, when there is 
reason to believe that any poison remains unabsorbed, then am- 
monium carbonate, hydrate or acetate. Treat the narcosis as 
under opium. 

Prussic Acid (hydrocyanic acid). Potassium Cyanide, 
Laurel ^A^ater, Peach, Cherry, Plum Pits, Etc. — No 
chemical antidote. Emetics, where there is time. Cold affusions 
to face and neck, inhalations of ammonia ; spirits of ammo- 
nia should be given internally, with brandy. 

Aconite. — See Prussic Acid. 

cifa^vBlll^l^^^^ ] ^'^f'^'^ stimulants, 

Tobacco (Nicotine), I P^fp^ives ; s 1 1 m u 1 a t e 

Hemlock (Conium), f with a«imonia, alcohol or 

Lobelia Inflata (Indian tobacco), J ^^^^^"^1^7- 
Bites. — First wash thoroughly, then paint with carbolic acid 

(} strength), or tincture of iodine. Tie a handkerchief tightly 

above wound, until the doctor comes. Give alcohol freely in 

bites of snake, scorpion, tarantula, etc. 

Stings. — Extract "stinger,'' if left behind. Apply mud, or 

a paste made of baking soda, or wash with ammonia. 

Poisoned 'Wounds, ^ Apply carbolic acid (i strength). 
Dissecting W^ounds, > or, paint with tincture of iodine. 
Infectious Diseases. ) Give stimulants internally. 
Poisonous Gases. — See special gases in text. 
Treatment : Fresh air, rest, and mild stimulation. 
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We introduce, here the following analyses of the various fluids of the 

body. 



Subjoined is the mean composition of the Blood, as given by 

Becquerel and Rodier : — 

Per cent. 

Water 78.16 

Dry corpuscles 18.60 

Albuminoids 7.00 

Fibrin 0.26 

Fats 0.17 

Extractives 0.84 

Earthy phosphates Q^C8 

Iron 0.06 

The ash of human blood is thus given by Jarisch in the 100 parts : — 

Per cent. 

Chlorine 80.74 

Potash 26.66 

Soda 24.11 

Phosphoric acid 8.82 

Sulphuric acid ^ 7.11 

Oxide of Iron 8.16 

Lime and magnesia 1.88 



Human Lymph, etc. 

^hmidt.) 
Per cent. 

Water 96.39 

Solids 8.6 

Fibrin 

Globulin substances and serum 

albumin. 

Fats, cholesterin, lecithin. ]- ... 2.9 

Extractives. 

Sugar. 

Salts 

Sodic chloride 0.64 

Soda 0.16 



(Gubler and 

Quevenne.) 

Per cent. 

98.48 

6.62 

0.6 



4.28 
0.91 
0.43 
0.05 
0.82 



(Hensen and 

Dfthnhardt.) 

Per cent. 

98.62 

1.48 



0.68 



0.79 



O' 
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Ash of Human Lymph (Dahnhardt, in 100 parts of Ash). 

Per cent. 

Sodic chloride 74.84 

Soda. 10.35 

Potash 3.22 

Lime 0.93 

Magnesia 0.26 

Phosphoric acid .*. 1.09 

Carbonic acid 8.21 

Sulphuric acid ." 1.27 

Ferric chloride 0.06 

Human Chyle (0. Rees). 

, . Per cent 

Water 90.48 

Solids 9.62 

Fibrin a trace 

Albumin 7.08 

Fats, lecithin, cholesterin, etc 0.92 

Extractives 1.0 

Salts 0.44 

In the ether extract of chyle obtained from a human fistula, the 

following bodies were present in the 100 parts : — 

Per cent. Per cent 

Cholesterin 11.3 to 14.1 

Lecithin 7.6 " 8.8 

Olein 38.1 \ u ^7 , 

Palmitin and Stearin 43.0/ ' 

Mixed Saliva — Human. 

(Jacubowitsch.) (Hammerbacher.) 

Per cent. Per cent 

Water, 99.51 92.42 

Solids 0.48 0.68 

Solul)l(; organic bodies (ptyalin, etc.)....' 0.13 0.14 

Epithelium 0.16 0.22 

Inorganic salts 0.182 0.22 

Potassic sulphocyanate 0.006 0.004 

Potassic and sodic chlorides 0.084 

Analysis of Gastric Juice (Human) mixed with some saliva. 

{After C. Schmidt, etc.) 

Per cent 

Water 99.44 

Solids. 0.66 

Organic substances (pepsin and peptones) 0.32 

Free hydrochloric acid 0.25 

Sodic chloride 0.14 

Potassic chloride 0.05 

Calcic chloride ; 0.006 

Phosphates of lime, magnesia, and iron 0.015 
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Analysis OF Pancreatic Juice — Dog. Fromafreahiy 

(n oi 'JA\ opened pancreatic 

(C7. bchmidt.) duct. 

Per cent. 

Water 90.07 

Solids , 9.93 

Organic substances as albumin, alkali albumin 9.04 

Inorganic salts 0.89 

Soda combined with albumin, and traces of lime and 

magnesia similarly combined..,.. 0.09 

Sodium chloride 0.73 

Potassium chloride 0.02 

Phosphates of lime, magnesia, and soda 0.05 

In post-mortem Bile, Hoppe Seyler obtained : — 

Per cent. 

Glycocholate of soda 8.03 

Taurocholate of soda , 0.87 

** '* " (containing sulphur) 0.06 

Soaps 1.39 

Mucin. 1.29 

Lecithin 0.63 

Cholesterin 0.36 

Other organic substances insoluble in alcohol 0.14 

Iron, probably as phosphate. 0.006 

• 
In 100 parts, dry solids of bile obtained from a fistula, having .a 
specific gravity of 1010, and 2.24 to 2.28 per cent, of solids, Jackson 
obtained:-r- 

Per cent. 

Glycocholate of soda 44.8 

Sodic chloride 24.5 

Palmitate and stearate of soda 6.4 

Phosphate of soda 6.9 

Carbonate '* "• 4.2 

Cholesterin ; 2.5 

Phosphate of lime 1.6 

Potassic chloride 1.2 

Lecithin 0.2 

Fats 0.4 ' 

Residue insoluble in alcohol and ether 8.1 



Analysis of Human Milk and Cow's Milk (Konig). 



Mean. 

Water 87.09 

Total solids... 12.91 

Fat 3.90 

Milk sugar.... 6.04 

Casein 0.63 

Albumin 1.31 

Albuminoids. 1.94 
Ash 0.49 



Woman^s Milk, 

Minimum. Maximum. 

83.69 90.90 

9.10 16.31 
1.71 7.60 

4.11 7.80 
0.18 1.90 
0.39 2.35 
0.67 4.25 
0.14 ? 



Mean. 
87.41 
11.59 
3.66 
4.92 
3.01 
0.75 
3.76 
0.70 



Cow^s Milk, 

Minimum. Maximum. 



80.32 
8.50 
1.15 
3.20 
1.17 
0.21 
1.38 
0.60 



91.50 
19.68 
7.09 
6.67 
7.40 
6.04 
12.44 
0.78 
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Analysis of Humav Tkars (Lercli). 
This fluid has the following simple compositioii : — 

Per eent. 

Water ^ 98.00 

Albumin, with traces of mucus... 0.60 

Sodium chloride » 1.40 

Other salts, as alkaline and earthy phosphates 0.02 

Sweat. 
The following is the composition of human sweat, according to Heard :— 

Per cent. 

Water « 98.88 

Solids 1.12 

Salts 0.57 

Sodium chloride 0.22 to 0.83 

Alkaline sulphates, phosphates, lactates, and potassium 

chloride.. 0.18 

Fats, fatty acids and cholesterine 0.41 

Epithelium 0.17 

Urea « 0.08 



Normal Urine of the Twektt-Fottb Hours. 
(After Liebermann, as quoted by Charles). 



GonsiitaeiitB. 
Water. 

Sp. gravity. 

Total solids. 
Urea. 



Uric acid. 



Amt. in grains. 



50 oz. 



1.020 



900 to 1100 
400 to 600 



5 to 12 



Alterattona Under Pathological Conditions. 

Increased in diabetes, after absorption of 
effusions, in contracted kidney, etc. 

Diminished in acute fevers, cholera, drop- 
sies, etc. 

Raised in diabetes mellitus, and occasion- 
ally in diabetes insipidus. 

Lo"wered in polyuria and certain cachectic 
conditions, depending on want of food etc. 

Fluid ounces X by last two figs, of sp. gr. = 
total solids. 

Increased in fevers to the crisis, in inter- 
mittent fever before the cold stage, in dia- 
betes, and after absorption of dropsical 
effusions. 

Diminished in dropsies, in chronic liver 
diseases, in Bright' s disease, afler fevers, 
and in all conditions in which tissue change 
is hindered. 

Increased in acute fevers, in diseases of 
the lungs interfering with respiration (as 
tubercular deposit, etc.), acute rheuma- 
tism, leukaemia. 

Diminished in diabetes, chronic gout, 
Addison's disease. 
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Normal Urine op the Twenty-Four Hours. (Continued.) 



Constituents. 



Kreatinin. 



Hippuric acid 

Sulphuric 
acid 

Phosphoric 
acid 



Oxalic acid 
Carbolic acid. 



Phosphate of 
lime. 



Phosphate of 
magnesium. 

Chloride of 
sodium. 



Amt. in grains. 



10 to 18 

6 to 16 
23 to 38 

48 to 64 



0.3 
0.016 



4 to 6 



7 to 11 
160 to 200 
CI = 90 to 

120 

Na=60to 

80 



Free acid 


80 to 60 


(calculated 




as ^ a 1 i c 




acid). 




Indican. 


0.07 to 0.06 


Total i n r- 




ganic salts. 
Potassium. 


200 to 380 


38 to 48 


Sodium. 


140 to 180 


Calcium. 


4 to 6 


Magnesium. 


2 to 3 



Alterations Under Pathological Conditions. 

Increased in acute fevers, pneumonia, etc. 

Diminished in diabetes mellitus, debility, 
kidney disease, etc. 

Increased in fevers, diabetes mellitus, and 
chorea. 

Having more or less the same source as 
urea, it will increase or diminish there- 
with. 

Increased in fevers, in most acute nerve 
• affections, and in tubercle of the lung. 

Diminished in many mental diseases, 
especially mania, and in chlorosis. 

Increased in catarrhal jaundice, and in 
oxalic acid diathesis. 

Increased in certain diseases of the intes- 
tines, causing constipation (ileus, etc.), 
but has been observed to be increased also 
in certain cases of diarrhoea. 

Increased in osteomalacia, rickets, 
scrofula, carcinoma, long continued sup- 
puration. 

Diminished in fevers. 



Increased in fevers at the outset, and with 
the re-absorption of dropsical fluids. 

Diminished during apyrexia, dropsies, 
cholera, typhus, inflammations generally, 
and especially pneumonia. 

Increased during the acme of acute febrile 
affections (on account, 'probably, of the 
diminished proportion oi water present). 

Diminished in most diseases affecting the 
nutrition and leading to a deficiency 
therein. 

Increased with diseases attended by con- 
stipation, and occasionally, also, in cases 
of diarrhoea. 



TABLE OF WEIGHTS AND MEASURES. 



ENGLISH WEIGHTS. 



Pound. 
1 


Ounces. 
12 .... 




TEOY WEIGHT. 

PennyweiglUs. 
240 


Orains. 
5760 
480 
24 


— r 


French Grammet. 
373.2419 




1 ... 




20 


31.1035 








1 « 


1.5562 








lb. 
Pound. 
1 


Ounces. 

12 

1 


APOTHECABIES' WJfllGHT 

Drachms. Scruples. 

96 r. 288 

8 24 


• 

gr. 
Orains. 

6760 

480 

60 

20 

1 


= 


IVench Ch'ammes. 
373.2419 
31.1035 






1 


Q 


3.8879 




1 


1.2959 
.0648 


Pound. 
1 


Ounces. 
1() ... 


i 


LVOIRDUPOIS WEIGHT. 

Drachms. 
256 


Grains. 

7000 
437.5 
27.343 


= 


• 

lYench Crrammes. 
453.5926 




1 ... 


16 


28 3495 








1 


1.7718 














' 









METKIC MEASURES. 



1 Millimetre 

1 Centituetro 

1 Decimetre 

1 Metre 

1 Decametre 

1 Hectometre 

1 Kilometre , 

1 Myriametre 



MEASURES OF LENGTH. 



= 1 



001 of a metre. 
0.0 10 of a metre. 
0.100 of a metre 
1.000 Metre 

10.000 metres. 
100.000 metres. 
000 000 metres 



10,000.000 metres 



about 4 inches. 
39.37 Indies. 



= about I of a mile. 
= about GJ miles. 



1 Centiare 
1 Are 

1 Hectare 



MEASURES OF SURFACE. 

1 Square metre = about 1^ square yards. 

100 Square metres. 

10,000 Square metres = about 2]^ acres. 
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1 Cubic centimetre 

1 Litre (cubic decimetre) 

1 Cubic metre 

1 Cubic metre 

1 Cubic metre 



MBi^URES OF VOLUME. 

O.OOl of a litre. 
1000. cubic centimetres. 
1000. cubic decimetres. 
1000. litres, or 1 kUoUtre. 
1 stere. 



MEASUBES OF WEIGHT. 



1 Milligramme 

1 Centigramme 

1 Decigramme 

1 Oram me* 

1 Decagramme 

1 Hectogramme 

1 Kilo(gramme) 

1 Tonneau 



0.001 of a gramme 
0.010 of a gramme. 
O.IOO of a gramme. 
1.000 OrHmme 

10.000 grammes. 
100.000 grammes. 
1000.000 grammes 

1000. Kilo's 



about s^ of a grain. 



= about 15^ ffrains. 



= about 2} lbs. 
= about 1 ton. 



ALPHABETICAL TABLE OF EQUIVALENT MEASUBES. 



;:1: 



Are = 1<X) Sq. metres, 

Centimetre = yj^ metre. 

Cubic centimetre (of dist. water weighs 1 gramme) 

Cubic decimetre (1 litre), 

Cubic decimetre, 

Cubic decimetre of water weighs 2.2046 lbs. At. 

Cubic foot = 1728 cu. in. 

Cubic foot of water weighs at 62° F. (16.6° C), 

Cubic inch. 

Cubic inch of water weighs at 16.6° C. (62° F. 

Cubic inch of wpiter weighs at 13.6° C. (62° F 

Cubic metre (1 stere) = 1000 litres 

Drachm, troy, = 3.888 grammes = 5J. 

Fluid ounce, imperial, = 'ZHA c.c. «■ 

Fluid ounce, wine measure, (fSj) = 29.67 c.c. =■ 

Fluid ounce water, at 16.6° C. (02*^ F.), wine measure, weighs 

Fluid ounce water, at 15.6® C. (60° F.), wine measure, weighs 

Fluid drachm (f^j = 3.697 c.c. 

Foot, 12 in.. 

Gallon, imperial, = 277.27 cu. in. = 

Grallon, wine, = 231 cu. in. • o 

Grain, troy, — 

Gramme (weight of 1 c.c. of water) at 49 0. (30.2° F.) <= 

Inch , =■ 

Kilogramme (lOiX) grms.) a 

Litre (see cubic decimetre). 

Metre (one-forty millionth of earth's meridian). 

Minim = 0.0616 c.c. of water weighs 0.0616 grammes, ■■ 

Ounce, troy, = 480 grs. =■ 

Ounce, Avoirdupois, = 437.6 grs. = 

Pint, imperial, = 667.03 cu. in., wine measure, = 

Pound, troy, = 6760 grs. =■ 

Pound, Avoirdupois, = 7<XX) grs. = 

Ton, Avoirdupois, = 2000 ft)s. 

Tonneau, 1,000,000 grammes. 



110.6 Sq. yards. 

.3037 inchos. 

.061 cub. Id. 

Imperial measure, 1.133 qts. 

Wine measure, O.KMKI qts. 

10(N) grammes. 

2H3 16.31 0.0. 

62.32 tbs. Av. 

l«.3Hfl 0.0. 

262.46 graliiN. 

16 372 grtttiiitiMN. 

mAM on. f^. 

1.7320 cMi. ill. 
l.K()47 cu. III. 

466. graliM. 

20.67 grms. 



30.48 contlinotn^N. 

4.643 lltrnN. 

3.7H6 litms. 

0.06470806 grams 

16.432:)4H7 grains. 

2.64 centlmetroN. 

2.2046 lbs. Av. 

61.027 cu. Id. 

30.3708 inches. 

0.06 gr. 

31.1 grammes. 

28.36 graiiimoN. 

473.16 cu. in. 

373.24 gramineM. 

463.60 graininns. 

007.2 kiloV 

1000 kilo's. 



* Sometimes spelled gram in English and American books. 
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Table of Specific Gravities Named in the U. S. Pharmagopcbia, 1880. 

(CompUed by Prof. P. W. Bedford.) 






Acid Acetic... ^ 1.048 

** ** dil 1.0083 

" " Glacial 1.056-1.068 

" Hydrobromic dil 1.077 

Hydrochloric 1.160 

** dU 1.049 

" Lactic 1.212 

" Nitric 1.420 

" ** dil 1.069 

" Oleic 800-.810 

" Phosphoric 1.347 

" *' dil 1.067 

•* Sulphuric 1.840 

** ** Aromat 966 

** ** dU 1.067 

** Sulphurous 1.022-1.023 

^ther 760 

" Acetic 889-.897 

" Fortior 725 

Alcohol 820 

** dil 928 

Amyl Nitras 872-.874 

Aq. Ammon 959 

** ** Fort 900 

Bals. Peru 1.136-1.160 

Benzihum 670-.676 

Bromum 2.990 

Camphora... 990-.995 

CarboDci Bisulphidum 1.272 

Cera Alba 0.965-0.975 

Cera Flava 965-.967 

Cetaceum 0.945 

Chloroform Puris 1.485-1.490 

** Venale 1.470 

Copaiba 940-.993 

Creasote 1.036-1.085 

FelBovis 1.018-1.028 

Gljcerinum 1.250 

Hydrargyrum 13.5 

lodoformum 2.00 

Liq. Ammon. Acet 1.022 

" Calcis 1.0016 

** Ferri Acetatis 1.160 

** *' Chloridi 1.405 

" " Citratis 1.260 

" '* Nitratis 1.050 

** " Subsulph 1.555 

** Tersulph 1.820 



(( 



It 



Liq. Hydrarg. Nit -2.100 

** Plumbi Subacetatis 1.228 

** Potassae 1.086 

" Potassii Citratis 1.069 

" Sodae 1.069 

** Chloratffi 1.044 

Sodii Silicatis 1.800-1.400 

** ZinciChlor 1.556 

Mel LlOl-1.106 

Oleum Adipis 0.900-0.920 

** ^therum 0.910 

«« Xrr.r,^A A r«o, / 1060-1.070 

Amygd. Amar. I , ^3_^^jj 

** •* Express... .914-.920 

" Anisi 976-.990 

" AurantiiCort 890 

** . " Flor 86a-.890 

" Bergamii 860-.890 

" Caju'puti 920 

" Cari .920 

*• Caryoph 1.0§0 

" Chenapodii 920 

** Cinnamomi {Cej/lon),, 1.040 

" ** (Chinese) 1.060 

" Copaiba 890 

" Coriandri 870 

** Cubebae 920 

** Erigerontis 860 

** Eucalypti .900 

" Fceuiculi 960 

" Gaultheriae 1.180 

* ' Gossypii Sem 920-. 930 

** Hedeomae 940 

" Juniperi 870 

" Lavendulae 890 

Flor 890 



** Limonis 860 

" Lini 986 

** Menth. Pip 900 

** '* Virid 900 

" Morrhuae 920-.926 

** Myrciae 1.040 

** Myrit^ticae 930 

" Oliyae 916-.918 

PicisLiquida 970 

" Pimentae 1.040 

'' Ricini 950-.970 

Rosae 860 



II 
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Table of Specific Gravities. {Continued.) 



Oleum Rosmarini „ 900 

'* Rutae 880 

Sabinae 910 

Santali 946 

Sassafras 1.090 

Sesami 914-.923 

Sinapis Volatile.. 1.01 7-1. 021 

Succmi 920 

Terebinthiniae 865-. 870 

Thymi 880 

Tiglii. 940-.966 

YaleriaDse 960 

Petrolatum 835-.860 

Phosphorus (at 60° F.) 1.88 

See List of Testa by Hans 



n 
n 

ii 
(( 

It 
<i 
n 
i( 



Resina 1.070-1.080 

Sp. Athens Nitrosi 823-.825 

*' AmmoDiae 810 

** Ammoniae Aromat 885 

** Frumenti 930-.917 

** ViniGallici 941-.925 

Syrupus 1.310 

Syr. Acidi Hydriodici 1.800 

Thymol 1.028 

Tinct Ferri Acetas 0.950 

** ** Chloridi 0.980 

Vinum Album 990-1.010 

•* Rubrum 989-1.010 

Zincum 6.9 

Wilder, Appendix. 



Table showiko the Solubility of some Chemicals in Glycerine. 
One Hundred parts op Glycerine Dissolve the Annexed Quanti- 
ties OF THE Salts. — (Klever). 



ArseViious oxide 

Arsenic oxide 

Acid, benzoic 

^* oxalic 

'' tannic 

Alum 

Ammonium carbonate 

** chloride 

Antimony and potassium tar- 
trate 

Atropia 

" sulphate 

Barium chloride 

Brucia 

Cinchonine 

** sulphate 

Copper acetate 

** sulphate 

Iron and potassium tartrate... 

** lactate 

** sulphate 

Mercuric chloride 

Mercurous chloride 

Iodine 

Morphine 



Parts 
20.00 
20.00 
10.00 
16.00 
50 00 
40.00 
20.00 
20.00 

6.50 

8.00 

38.00 

10.00 

2.26 

0.60 

6.70 

10.00 

30.00 

8.00 

16.00 

25.00 

7.60 

27.00 

1.90 

0.46 



Parts 

Morphine acetate 20.00 

*^ chlorhydrate 20.00 

Phosphorus 0.20 

Plumbic Acetate 20.00 

Potassium arseniate 50.00 

** chlorate 3.50 

** bromide •. 26.00 

** cyanide 32.00 

** iodide 40.00 

Quinine 0.60 

** tannate 0.25 

Sodium arseniate 60.00 

** bicarbonate 8.00 

borate 60.00 

carbonate 98.00 

chlorate 20.00 

Sulphur 0.10 

Strychnine 0.26 

** nitrate 4.00 

** sulphate 22.60 

Urea 50.00 

Veratrine 1.00 

Zinc chloride 50.00 

'' iodide 40.00 

** sulphate 35.00 



u 
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SOMJBII.ITY OF THE MOST IMPORTANT ChEVICALS USKD EV MeuICUTC, 19 

Watek axd Alcohol. 
(Columns 1 and 3 taken from U. S. Phamuoopceia^. 

Explanation of Signs. 

n. BoluVjle ; ins, -= iasolable ; «p. = sparioglj soluble ; r. *. = very 
Roliibh;; aim. ■ almost; dec. = decomposed. 



AUJDHOL 



Name or Chemical. 



Oiu; part is soluble in : — 
Acid ArKitnious 

Birnzoic , 

Honicio — 

('iirbolic 

('hroinic 

Citricr 

(Jallic. 

Hiili(rylic 

luririn; 

Tiirtiiric 

A I urn 

" Dry, CKxHicc^atum) , 

Alwmiriiiirfi J I v< I rate; , 

" SulphaUi 

Amino 11 ill III ii(;tr/()at.(; 



At 15° C. 

(59° F.) 



<i 
(i 

(( 

(t 
(i 
(( 
it 



it 
(t 
(1 
(t 
u 
li 
it 
(( 



liroinidi; 

(yarhoriatt; 

('hlorido 

l()(li(l(; 

NitraU' 

IMiospli ito 

Siilphat(5 

VahM'ianato 

AritJMioriy ami I'otasH. Tartrate. 

()xi(i(; 

Siilphido 

AnomorphiiKi Ilydrocliloride. .. 

Silv(ir (/yanido 

*' Iodide 

" Nitrate 

** Nitrate (fused) 

" Oxide 

Arsenic Iodide , 

Atropine 

Sulphate , 



(i 



Parts. 
30-80 
5U0 
25 
20 

V. 8. 

0.76 
100 
450 

6 

0.7 
10.5 
20 

ins. 

1.2 

5 

1.6 

4 

3 

1 

0.6 

4 

1.3 

V. s. 

17 
dm. ins. 

ins. 

6.8 

ins. 

ins. 

0.8 

0.6 
V. sp. 

3.5 
600 

0.4 



At 15^ C. At 15^ C At 153 q. 
gK.prf3U. \59= F.) gnwprfXJ- 



15.2-5.7 

0.9 

18.2 

22.8 

• •• 

608 
4.5 
1.01 
76 
651 
48.4 
22.8 

• • • 

380 

91.1 
300.4 

114 

162 

456 

910 

114 

350.7 

• • • 

26.8 



67 

• • • 

• • • 

670 
760 

130.2 
0.7 
1152 



Parts, 
sp. 


• •• 


3 


124.6 


15 


24.9 


V. s. 


• •• 


dec 


• •• 


1 


374 


4.5 


83.1 


2.5 


149.6 


0.6 


623 


2.5 


149.6 


ins. 


• •• 


ins. 


• •• 



ins. 
aim. ins. 
28 
150 
dec. 

1.37 

9 
20 

0.6 

sp. 

V. s. 

ins. 

ins. 

ins. 
60 

ins. 

ins. 
26 
25 

ins. 
10 

V. 8. 

6.6 



13.3 
24 

• •• 

273 
41.5 

18 7 
748 



7.4 

• • • 

• • • 

14.3 
14.9 

■ • • 

37.4 
57.5 



APPENDIX. 



339 



Solubility of the most important Chemicals used in Medicine, in 

Water and Alcohol. (Continued,) 



Name of Chemical. 



Bismnth Citrate 

** and AmmoD. Citrate 

** Subcarbooate 

** Subnitrate 

Broiuine 

Caffeine 

Calcium Bromide 

** Carbonate 

** Chloride 

" Hypophosphite 

" Phosphate (precipitated)... 

Lime (Calx) 

Camphor, Monobromated 

Cerium Oxalate 

Chloral 

Cinchonidine Sulphate 

Cinchonine 

** Sulphate 

Codeine 

Chalk (Creta).... 

Copper Acetate 

*' Sulphate 

Elaterium .■ 

Ferric Chloride 

Citrate.. 

and Ammon. Citrate 

" ** Sulphate 

" **. Tartrate 

" Potass. Tartrate 

** Quinine Citrate 

** Strychnine Citrate.. 

Hypophosphite 

Lactate 

Oxalate 

Hydrate 

Phosphate 

Pyrophosphate 

Sulphate 

Valerianate 

Hyoscyamine Sulphate 

Iodoform 



Wat BE. 



At 15° 0. 

(69° P.) 



ms. 

V. s. 

ins. 

ins. 

33 
75 

0.7 

ins. 

1.6 

6.8 

ins. 

760 
aim. ins. 

ins. 

V s. 
100 

aim. ins. 
70 
80 

ins. 
15 

2.6 

ins. 

V. s. 
s. 

V. s. 

3 

V. 8. 
V. S. 

8. 
V. s. 

sp. 
40 

sp. 

ins. 
V. s. 
V. s. 

1.8 

ins. 
V. s. 

ins. 



At 15® c. 
grs.pr.fSj. 



13.8 
6.08 
651 

300.'4 
67 

• • • 

0.6 



4.5 

• • • 

6.6 
6.7 

• • • 

30.2 
173.1 



152 



11.4 



263.3 



Alcohol. 



At 150 0. 

(590 F.) 



ins. 

sp. 

ins. 

ins. 

dec. 
36 

1 

ins. 

8 

ins. 

ins. 

ins. 

V. s. 

ins. 

V. s. 

71 
110 

6 

V. s. 

ins. 
135 

ins. 
125 

V. s. 

ins. 

ins. 

ics. 

ins. 

ins. 

ins. 

ins. 

ins. 
aim. ins. 

ins. 

ins. 

ins. 

ins. 

ins. 

V. s. 

V. s. 

80 



At 16° 0. 
grs.pr.fSj. 



10.6 
374 

• • • 

46.7 



5.2 

3.4 

62.3 



2.7 

• • • 

2.9 



4.6 



'M^f 






Tsn IT Jfeimr 



t\*0t ••» (urifit^i 






A _- 



r. ^ :r-5. 



t » M 4 



4 

T. ft. 

a6 

inft. 



I III lliilllt |)l K/CMlIc 

•• <'i«M,l. 

»<«lli t l<|l(' 

Mli^/Ml-CIMIII W > l«lc( , 

>^lll|illMlt 

iiul|i)ii<i 
Miiii^fini c-iMiii iNimifli' . 

(Mlut 1> M»i«|M. 
Muiijiuiii citilii i'^uljilit*tit, 
III I.I I 111 ii C 'Itliii |(|| ^ 

M>.l i til <lM^ ( 'liliM |i|i ..... 

Mill III ii ( 'ydniiii 

I.mIi.I. (K.iIi . 

Ml II iiiiiiip Imlnlo ((iifiitil , lallD. 

Ill I 1 I II i il ( ) ^ nil 

»'•• I.. II I I .||»|I« . , . 

;'uI|,i.m1( I i{..h 

HI < < I I 1 1 1 i 1 1 < 

A I I iiii I 

I i > <i I III Mill nil-.. 
'^•»l|'lwilr . ... 

J'iiiK-< jiliiM It.'' ' ins. 

iMi^ Mi.-'li^'iiiiiw Siili«\ Ijilr l.'JQ 

i*Mi ij|ii.\ mc- j ]!'}0 

IMiM III (illlt I I \ ill iM'lilol nil' I V. 8. 

^''1" '""• aim. ins. 

riiiiiilih- Aicijiif.. \^n 

( ill ImjIIu(«- JIIH, 

I"«l'«l.- 2000 



11-4 



0.7 

16 

ins. 

12.8 

aim. ins. 

IDB. 

ins. 

ins. 

ins. 
V. pp. 
12 
24 
24 



Col 
2bh 



S.5 



• • 
i I 
t > 



N II I all' 

Oxi.l.- 

l*(jta.-.-iiiiii H \<lrati* 

'* Ari'taf*' 

" Hicai iHiiiJitr. 
*' liicliroiimtt'., 
" Hitjirtnitti.... 
*' IJroniidt^ 



2 

inn. 
OT) 
0.4 
8.2 
10 
210 
1.6 



38 
19 
19 

• • • 

8.5 
8.4 



258.8 

• • • 

0.2 
228 

• • • 

910 
112.6 
142.5 
45.6 
2.1 
285 



ft." s^ 



£i7(. 



S 

ins. 
15 
130 

ins. 

ins. 

ins. 

ins. 
100 
68 
63 
702 
V. gp. 
12 
10 
V. s. 
80 

ins. 

V. Sp. : 

aim. ins. I 

ins. 

2 

2.5 
aim. ins. 

ins. 
: V. sp. 
200 



i:4 



12# 

219 

18 



3.7 
5.5 
5.9 
0.5 

• •• 

; 31.1 

37.4 

• • • 

12.4 
46.7 



187 
149.6 



l.S 
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Solubility of the most important Chemicals used in Medicine, in 

Water and Alcohol. (Continued.) 



Name or Chkmioal. 



Potassiam Carbonate 

• ** Chlorate 

" Citrate 

" Cyanide 

" and Sodiam Tartrate. 

" Ferrocyanide 

** Hypopnosphite 

" Iodide 

** Nitrate 

'* Permanganate 

•* Sulphate 

" Sulphite 

*/ Tartrate 

Quinidine Sulphate 

Quinine 

** Bisulphate , 

** Hydrobromate 

" Hydrochloride .' 

** Sulphate 

** Valerianate 

Sugar, Cane 

** Milk : 

Salicin 

Santonin 

Sodium Hydrate 

** Acetate 

^^ Arseniate 

** Benzoate 

** Bicarbonate 

" Bisulphite , 

** Borate (Borax) 

** Bromide 

** Carbonate 

** Chlorate 

'* Chloride 

** Hypophosphite 

** Hyposulphite 

" Iodide 

** Nitrate 

" Phosphate 

** Pyrophosphate 



Watee. 



At 16° C. 

(59° F.) 



1 

16.5 

0.6 

2 

2.5 

4 

0.6 

0.8 

4 
20 

9 

4 

0.7 

100 

1600 

10 

16 

84 

740 

100 

0.5 

7 
28 
aim. ins. 

1.7 

3 

4 

1.8 
12 

4 
16 

1.2 

1.6 

1.1 

2.8 

1 

1.5 

0.6 

1.3 

6 
12 



At 160 C. 
gre. pr fSJ. 



456 

27.6 
760 
228 
182.4 
114 
760 
570 
114 

22.8 

50.6 
114 
651 
4.5 
0.2 

45.6 

28.5 

18.4 
0.6 
4.5 
910 

65.1 

16.2 

268.2 
152 
114 
258.8 . 

88 
114 

28.5 
880 
285 

44.5 
162.8 
456 
800.4 

.760 
850.7 

76 

88 



Alcohol. 



At 15° C. 
(69° F.) 



ins. 
V. sp.' 
V. sp. 

sp. 
aim. ins. 

ins. 

7.8 
18 
aim. ins. 

dec. 

ins. 

sp. 
aim. ins. 

8 

6 
82 

8 

8 
65 

5 
175 

ins. 
80 
40 

V. s. 
30 

V. sp. 
45 

ins. 
72 

ins. 
18 

ins. 
40 
aim. ins. 
80 

ins. 

1.8 

sp. 

ins. 

ins. 



At 15° c. 
grs. pr m. 



51 
20.7 



46.7 

62.8 

11.6 

124.6 

124.6 

5.7 

74.8 

2.1 

• • • 

12.4 
9.8 

• • • 

12.4 

• • • 

8.8 

• • • 

5.2 

28.*7 

• • • 

9.8 

• • • 

12.4 

• • • 

207 
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Solubility of the most important GHEteiGAJ.s used iv Medicine, in 

Water and Alcohol. {Continued.) 



Name of Chemical. 



Sodium Salicylate 

*^ Santouinate 

** Sulphate 

" Sulphite 

" Sulphocarbolate 

Strychnine 

** Sulphate 

Sulphur 

Thymol 

Veratrine 

Zinc Acetate 

Bromide 

Carbonate 

Chloride 

Iodide 

Oxide 

Phosphide 

Sulphate 

Valerianate 



Water. 


Aloo 


At 16° C. 


At 16° C. 


At 150 C. 


(5»o F.) * 


gre. pr fSj. 


(590 F.) 


1.5 


800.4 


6 


8 


152 


12 


2.8 


162.8 


ins. 


4 


114 


sp. 


6 


91.2 


182 


6700 


0.06 


110 


10 


45.6 


60 


ins. 


• •• 


ins. 


1200 


0.8 


1 


V. sp. 


... 


8 


3 


152 


80 


V. s. 


• ■ • 


V. B. 


ins. 


■ • • 


ins. 


V. s. 


• • • 


V. 8. 


V. 8. 


• • • 


V. g. 


ins. 


• •• 


ins. 


ms. 


• ■ • 


ins. 


0.6 


760 


ins. 


100 


1 4.5 


40 

• 



At 150 C. 
gn. pr f5j. 



62.8 
81.1 



2.8 
3.4 
6.2 

• •• 

874 
124.6 
12.4 



9.3 
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INCOMPATIBLES. 

Substances are said to be chemically incompatible when, on being 
mixed together, they react upon each other so as to cause an entire 
change in the properties of the substances so mixed. They may cause 
the evolution oi a gas, an explosive mixture or compound, a poisonous 
or very active substance formed from comparatively inert ones, or, a pre- 
cipitation of one or the other of the ingredients in the new compounds 
formed. 

Sometimes two or more substances are brought together with the intent 
of producing ar new substance different from either ; as, 2KI -f HgCl2 = 
Hgl 2 + 2KC1. This can hardly be regarded as an incompatible mixture. 

Of physiological or therapeutical incompatibility we shall have nothing 
to say here. The student will find the following rules of value to him in 
the beginning. 

1. A free acid is incompatible with the alkaloids and the metallic 
hydrates and carbonates. The three mineral acids displace the organic 
acids from their salts. The converse of these statements is 'also true ; 
i. 6., metallic hydrates and carbonates are incompatible with the acids. 

2. If two substances, when mixed, can form an insoluble third body, 
or can react so' as to generate a gas, they are incompatible. 

A knowledge of the solubility of the ordinary salts is, therefore, of 
great importance to the physician. For example, lead or barium cannot 
exist in a solution with a sulphate ; silver, lead, or mercurous mercury 
cannot exist in a solution with a chloride. 

Substances are, therefore, incompatible with their tests and antidotes. 

8. The alkaline hydrates and carbonates are incompatible with the 
salts of the alkaloids and most salts of the heavy metals. 

4. Iodides and bromides precipitate most of the heavy metals, and are 
therefore incompatible with them. 

5. The vegetable astringents and bitters ovte these properties largely to 
their gallic and tannic acids. Tannic acid and most vegetable astringents 
precipitate the heavy metals from their salts, and are therefore incom- 
patible with them. 

6. Powerful oxidizing agents (strong nitric acid, potassium permanga- 
nate, hydrogen peroxide, chlorine, the hypochlorites, potassium chlorate, 
etc.), should not be mixed with easily oxidizable organic substances for 
fear of forming explosive compounds. 

7. The two principal solvents of the U. S. P. are alcohol and water. 
Each of these has its own class of easily soluble bodies. These bodies 
are often precipitated from their solutions in either of these solvents by 
the addition of the other. Thus the tinctures of iodine, camphor, essential 
oils, the gums and ^um-resins, aloes, etc., are precipitated or rendered 
unsightly by the addition of water or watery solutions of drugs or cliemi- 
cals. 

8. There are some solutions which should always be prescribed alone, 
or in a plain watery solution, as they readily decompose. Among these 
may be mentioned the compound syrup of the Hypophosphites, Fowler's, 
Donovan's, and Lugol's solutions. 

These few rules will serve to Call the student's attention to the subject, 
and to the general range of incompatibles. 
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GLOSSARY 

OF UNUSUAL CHEMICAL TERMS. 

[The figures in parentheseH refer to the pages of t^ais book where a 
fuller explanation may be found.] 



A CTINISM. The chemical effects of light. 
V^ ^nigo. Verdigris. Impure subacetate of copper, 
^thiops. Black sulphide of mercury. HgaS. 
Aerometer. Hydrometer. (13.) 

Alabaster. A light-colored, compact gypsum. * CaSOi. (197.) 
Alchemy. The Arabic name for chemistry, which formerly 

arose out of the search for the philosopher's stone and elixir 

of life. 
Alembic. A form of still or retort, used in sublimation. 
Alkarsin. Oxide of cakodyl, or cacodylic acid. As(CH3)202H. 
Alloy. A mixture or compound formed by fusing two or more 

metals together. 
Amidon. Starch. (271.) 

Amorphous. Without a definite crystalline form. 
Anhydride. An oxide which can combine with the elements 

of water to produce an acid. Hence, an acid deprived of one 

or more molecules of water. 
Anode. The + pole of a voltaic circuit. 
Apple Oil. Valerianate of amyl. 
Aqua Fontana. Aqua, U. S. P. 
Aqua Fortis. Crude nitric acid. (141.) 
Aqua Phagedaenica. Yellow wash. Mercuric hydrate. 
Aqua Regia. Nitro-muriatic acid. (142.) 
Aqua Vitae. Brandy. 
Argols. Crude cream of Tartar. (193.) 
Auripigmentum. Orpiment. Arsenious sulphide. 
Arrack. A spirituous drink made from the j uice of the cocoanut 

tree. 
Austral. The south pole of a magnet. 
Azote. (Fr.) Nitrogen. 
Azotic Acid. Nitric acid. (141.) 
p 345 



-BALDWIN'S Phosphorus. Fused caJciuraDitrate, possibly 

lumiiioua calcium aulphide. 
Balsam of Sulphur. A eolution of S. in 01. olivse. 
Barilla. Tlie aeh^s of sea plants, and of Salsola Soda. 
iasyl. A term applied to an electropositive radical, 
lattery. An apparatus for the production of electricity by 

chemical oclion. (40.) 
Baumc. The name of the inventor of a hydrometer heariug 

this name. 
Bell Metal. An alloy of 6 parts copper and 2 parts tin. 
Bestuchufs Tincture. An ethereal solution of Fe,ClB. 
Bibron'a Antidote. A solution of HgCli.KI, bromine, alco- 
hol and water. 
Bittern. The mother liquor remaining after extracting NaCl 

from sea water, by evaporation and crystallization. 
Black Ash. ^pureNaiCO,, mixed with carbon. 
Black Flux. Tilade by igniting cream of tartar with one-half 

its weight of nitre ; KKO,. It contains carbon and K,COi. 
Black Drop. Acetum opii. Vinegar of opium. 
Black Lead. Plumbago, a native variety of carbon, used for 

making lead pencils, crucibles, and stove polish. (166.) 
Black Salts. The ley of wood-ashes evaporated nearly to dry- 
Black Wash. Contains suboxide of mercury, Hg,0. (231.) 
Bleaching Powder. Chloride of lime. A mixture of chloride 

and hypochlorite of calcium. (199.) 
Blende. Kative sulphide of zinc ZnS. (205.) 
Blue Mass. Pilulfe Hydrargyri. 
Blue Ointment. Unguentum Hydrargyri. 
Blue Vitriol, or Bluestone. Sulphate of copper. (227.) 
Bole. An argillaceous earth. 
Bone Ash. Bone black, or charred bones. (200.) 
Borax. Biborate of sodium. Tetraborate of sodium, Na,B,0,. 

(185.) 
Boreal. The north pole of a magnetic needle. 
Brass. An alloy of copper and zinc. 
Brimstone. Roll sulphur. (120.) 
British Barilla. Black Ash. 
British Gum. Dextrin. (272.) 
Bronze. An alloy of copper and tin. (239.) 
Brunswick Green. Oxycbloride of copper. 
Bunsen Burner. A gas burner used tor production of heat. 

It mixes the gas and air before burning them. 



GLOSSARY. 

■ Burnett's Disinfecting Fluid. Solution of ZnCl,. (133.) 
Butter of Zinc, Antimony, and Bismuth. Their chlorides, 

JpALAMINE. Impure, native carbonate of zinc. (205.) 
■^-' Calcareous Spar. Calcitc. CaCO,. (200.) 
Calcedony. A native form of SiO,. 

Calcining. Igniting a substance in the air, bo aa to bun 
' any oxidizable material, or expel volatile productx. 
Calcined Mercury. Mercuric oxide. HgO. 
Calomel. Mercurous chloride. Mild chloride of t 

Hg,Cl,. (230.) 
Caloric. Old term for heat. 
Calorie. The unit of heat used in determining the heat of 

mbination of chemical compounds. (27.) 
Camphene. Oil of turpentine. Camphene burning fluid ia a 

solution of turpentine in alcohol. 
Canton's Phosphorus. Luminous CaS, or luminous paint. 
Caput Mortuum. The residue left after ignition of PeSO« 

or iron pyrites. Impure Fe,0,. (215.) 
Caramel. Burned sugar. (269.) 

Carbolic Acid. Phenic acid. Phenyl alcohol. (287.) 
Carburet. Carbide. 
Catalysis. The action of a body in promoting combinatiou or 

decomposition by its presence, the body itself remaining un- - 

changed. 
Cathode. The negative pole of a galvanic circuit. 
Chalk. An amorphous carbonate of lime. (200.) 
Chameleon Mineral. Permanganate of potaBsium. 
Choke Damp. Carbonic anhydride. COj. (171.) 
Chrome Green. A mixture of chrome yellow and FriiBaian 

bine; or sesquioxide of chromium. Cr,0,. (208.) 
Chrome Vermilion. Dichromate of lead. PbCr,0,. 
Chrome Yellow. Chromate of lead. PbCrO.. (223.) 
Cinnabar. Native red sulphide of mercury. HgS. (229.) 
Citrine Ointment. Nitrate of mercury ointment. 
Clay. Impure silicate of alumina. 

Clay Ironstone. A variety of hematite iron ore. FciOj. 
Colcothar. Ferric oxide. Fe,Os. Rouge, crocus. 
Collodion. Solution of guu cotton in alcohol and ether. (273.) 
Colloids. Jelly-like or non-crystal lizable bodies. (57.) 
Colophony. .Common resin, or rosin. (252.) 
Condy's Solution. Contains permanganate of potassium. 
- K,Mn,0,. (133.) 
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Common Salt. Sodium chloride. NaCl. 

Copperas. Green vitriol. Cryatallized ferrous sulplif^ 

FeS0..7Aq. 1214.) 
Corrosive Sublimate. Mercuric chloride. Bichloride of 

mercury. (326.) 
Cream of Tartar. Acid potassium tartrate. HKC,H,Of 

(193.) 
Crocus of Antimony, or Crocus Metallorum. Oxysul- 

phide of antimony. (1.S9.) 
Crocus Martis. Colcothar. FejOj. 

Crystals of Venus. Copper acetate. CQ(C,H3O,)a.H,0. 
Crystalloids, Cryatallizable bodies, as distiDguiabed from col- 

loida. (5H.) 
Cubic Nitre. Sodium nitrate. NaNOj. 
Cupellation. The process of purifying silver or gold in a 

cupel or cup made of houe aah. When the alloy is strongly 

heated in air, the other metals oxidize and the cupel absoru 

the oxide, leaving the silver or gold pure. 

T^ECANTATION. The process of pouring off the clear 

liquid above a sediment. 
Decoction. An extract of an organic subatance, made with 

boiling water. 
Displacement. Expelling a fluid from a vessel by another of 

different density. 
Decrepitation. The crackling of certain salts when suddraly 

heated. 
Deflagration. A rapid and scintillating combustion. Ittabee 

place in certain mixtures containing the nitrates or chlorates. 
Deliquescent. An adjective applied to those substances which 

attract moisture from the air and licjuefy. (55, 59.) 
Destructive Distillation. Dry distillation, conducted with 

the object of destroying the substance and producing new 

ones. (25.) 
Detonation. Rapid chemical action, accompanied by fiame 

and noiae. An explosion. 
De Valangin's Arsenical Solution. A solution of the 

chloride. AaCI]. Liq. Arsen. Hydrochlor. 
De-w-point. The temperature at which the moisture of the 

air begins to deposit. 
Dialysis. The process of the diffusion of liquids and solutions 

through membranes. (57.) 
Dimorphous. Crystal I i zing in two distinct systems. (58.) 
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Donovan's Solution. Contains the iodides of arsenic and 

mercury. 
Dolomite. Magnesium limestone. (203.) 
Dover's Pov^der. Compound ipecac, powder; contains opium. 

(1 gr. in 10). 
Drummond Light. Calcium light. 
Dry Distillation. The process of subjecting solid or organic 

bodies to heat, in a closed retort. 
Ductile. Capable of being drawn into wire, or rolled out into 

sheets. 
Dutch Gold. A species of brass, usually sold in very thin 

leaves or sheets. 
Dutch Liquid. Ethene dichloride. C2H4CI2. 
Dutch White. Impure white lead. 

17 AU de Javelle. A solution of chlorinated potassa, or 
potass, hypochlorite. KOCl. 

Educts. The proximate principles of which bodies are sup- 
posed to be formed. 

Effervescence. The rapid escape of gas from a liquid. 

Efflorescence. The escape of water of crystallization and the 
consequent crumbling down of the crystal. (59.) 

Electrode. The pole or wire forming a part of a voltaic cir- 
cuit. (45.) 

Electrolysis. Decomposition, by means of a strong electric 
current. (51.) 

Element. A substance which has never been decomposed. 

Elixir of Vitriol. Aromatic sulphuric acid. 

Elutriation. The process of separating the finer and lighter 
particles of a powder from the coarser, by suspending them in 
water and pouring off the lighter floating particles with the 
water. 

Emerald Green. Schweinfurth green, or aceto-arsenite of 
copper. See Paris green. 

Emery. An impure corundum. AI2O3. (238.) 

Eosine. Tetrabromo-fluorescine. A beautiful, red, artificial 
coloring^ matter. 

Epsom Salt. MgS04.7Aq. (204.) 

£ remacausis. The slow decay of organic substances in the air. 

Essence of Mirbane. Nitro-benzol. (293.) 

Essential Oils. Volatile oils. (277.) 

Eudiometer. A graduated glass tube, closed at one end, used 
for measuring gases. 



f 



pERMENTATION. (321.) 

-*- Filter A ivkmitB anlu«an/>a i 



Filter. A porous 
liquid bv allo'iag the latter to puam throogh, while the former 
u rMaineii. 
Fire Damp. LigfaLxarbureted hydrogen (Uanh gas), mixed 



viih a 



■■ 247. 



niied i| 



U. S. P. 



Fixed Air. Choke damp. CO,. (171.) 
Flint. An impure variety of silica. 8i0,. 
Flowers of Aatimony. Oxide of antimony. 
Flonrers of Benzoin. Bcd zoic acid. (289.) 
Flowers of Sulphur. Salphar subQmatuni 

1 120. , 

Flowers of Zinc. Oxide of zinc. ZnO. (206.) 
Fluorescence. The property po^ses^d by certain bodies, as 

quiuine salts, of rendering visible the ultra-violet or chemical 

raya of ibe solar spectrum. 
Fluor Spar. Native calcium fluoride. CaF^ (111.) 
Flux. A material added to o 

fu:<ible sJa-. 
Foliated Earth of Tartar. 
Fool's Gold. Iron pyrite 



Solui 



Q smelting, to form an eaaly 

KQHjO,. Potassium acetate. 

)□ of the arsenite of potassium. 

lagaesia. Soapstoae; talc. 



Fowler's Solution. 

(152.) 
French Chalk. Silics 
Fructose. Fruit suga 
Fuchsine. Aniline red. Magenta. C„H„'N'j. 
Fuming Liquor of Libarius. Solution of stannic chloride. 
Fusel Oil. Araylic alcohol. (264.) 
Fusible Calculus. One composed of a mixture of phosphate 

of lime, and ammonio-tnagnesiuia pbosphate. 
Fusible Metalt Bismuth 2 parts, lead 1 part, and tin 1 part. 

Melts at about SOO'-R 



(219.) 
A surgical knife heated by a gal- 



pALENA. Native leai 
^-^ Galvano- Cautery. 



■at. 



L Glass I 
Glaubc 
Gtucos 
stare! 



German Silver. Au alloy of copper, nickel and zinc. 
Glass. An artiScial silicate of eitlcium, sodium, iron, lead, etc. 
Glass of Antimony. Fused trisulphide of antimony. Sb,S,. 
Glass of Borax. Fused borax. 
Glauber's Salt. Sodium sulphate. (182.) 
Glucose. Grape sugar. Now made on large scale, from corn 
starch. (267.) 
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Glucoside. (See p. 297.) 

Glyceroles and Glycerita. Simple glycerine solations. 

Goniometer. An instrument for measaring the angles of 

crystals. 
Goulard's Extract, and Cerate. Contain sabacetate of 

lead. 
Graphine. Carbon deposited in gas retorts. 
Graphite. Plumbago. Black lead. (166.) 
Green Vitriol. Copperas. FeSO^.TAq. (214.) 
Guano. A deposit of excrement of sea fowl. 
Gypsum. Calcium sulphate. Plaster of Paris. (199.) 

UALrOGEN Elements. Haloid Salt. The elements of 

the chlorine group and their binary compounds. (111.) 
Harle's Solution. Solution of arsenite of sodium. 
Haschisch. Indian hemp. 
Hartshorn. Ammonia. (134.) 

Hepar Sulphuris. Liver of sulphur. Potassium sulphide. 
Hive Syrup. Compound syrup of squills. 
HofiB:nann's Anodyne. Spirit. .£ther. Co. Ether, 1 pint; 

alcohol, 1 pint; ethereal oil, f.^vj. 
Homberg's Pyrophyrus. Is made by igniting potassium, 

alum and charcoal. 
Homologues. (245.) 
Homologous Series. (245.) 

Huxham's Tincture. Compound tincture of cinchona. 
Hydracid. A binary acid. Contains no oxygen. 
Hydrate. A compound containing hydroxyl, HO, combined 

to a positive radical. (77.) 
Hydrochloride. A compound of HCl, formed by union of 

the whole molecule by synthesis; as compounds with the 

alkaloids. 
Hygrometer. An instrument for the determination of the 

relative amount of moisture in the air. 

TOE Vinegar. Glacial acetic acid. (279.) 

Incandescence. The glow of a highly heated body. 

Incineration. The reduction of a substance to ashes by 
burning. 

Incompatible. Incapable of being mixed without chemical 
change. (343.) 

Infusion. An extract of an organic substance, made by pour- 
ing hot water upon it and allowing it to stand for some hours. 
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Inosite. Muscle sugar. (271.) 

Ion. A body going to the positive (anode) or negative 

(cathode) pole of a galvanic battery during electrolysis. 
Iron Pyrites. Native sulphide of iron. Fools* gold. 
Isinglass. A variety of gelatin, or fish glue. Sometimes 

erroneously applied to mica. 
Ivory Black. Animal charcoal, made by distilling ivory 

scraps ; is now generally applied to bone black. 

JAMES' Powder. Antimonial powder. 
Japan Black. A varnish composed of asphaltum, turpen- 
tine, linseed oil and umber. 
Jesuits* Powder. Powdered cinchona bark. 

I/'AOLIN. A pure white clay. 

Kelp. Ashes of sea weeds; used as a source of iodine 
and carbonate of sodium. 
Kermes* Mineral. Sb^Sg. (160.) 
King's Yellow. Orpiment. AS2S3. 
Kyan's Disinfectant. Solution of HgCl,. 

T ABARRAQUE'S Disinfecting Liquid. Solution of 

hypochlorite of sodium or chlorinated soda. (186.) 

Lac Sulphuris. Precipitated sulphur. (122.) 

Lactin — Lactose. Sugar of milk. (269.) 

Lacquer. A varnish used for brass, etc. 

Lady Webster Pill. Pill of aloes. 

Lake. An organic coloring matter precipitated with alumin- 
ium hydrate. Used as pigments. 

Lampblack. The soot of burning turpentine. (167.) 

Lapis Infernalis. Lunar caustic. AgNOa. 

Laughing Gas. Nitrous oxide. N2O. Dentists' gas. (137.) 

Lead Water. Diluted Goulard's Extract, containing sub- 
acetate of lead. (223.) 

Ledoyen*s Disinfecting Liquid. Solution of nitrate of 
lead. 

Levigation. The reduction of a substance to an impalpable 
powder, by rubbing on a slab, with sufficient water to form a 
paste, with a flat pestle called a muller. 

Lime. CaO. (197.) 

Limestone. A native carbonate of lime. (197.) 

Litharge. PbO. Semi- vitrified oxide of lead. (220.) 

Lithic Acid. Uric Acid. (291.) 
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Lriver of Sulphur. Potass, sulphuret. KjS. (192.) 
Lrixiviation. The separation of the soluble portions of a sub- 
stance by causing water to filter through it. (110.) 
Loadstone. The native magnetic oxide of iron, or magnetite. 

A magnet. (205.) 
LrUgol's Solution. Compound solution of iodine. Iodine held 

in solution by KI. (118.) 
Lunar Caustic. Nitrate of silver. AgNOg. (236.) 
Lute. An adhesive mixture for closing the joints of apparatus, 
to prevent the escape of vapors, etc. 

lyrACERATION. The long continued soaking of a sub- 
stance in water at common temperatures. (110.) 

Macquer's Salt. Potassium arseniate. 

Magendie's Solution. Morph. sulphate, gr. xvj, water, f^j. 

Magistery of Bismuth. Subnitrate. 

Magma. A pasty mass. 

Magnesia Alba. Magnesium carbonate. (205.) 

Malleable. Capable of being worked under the hammer. 

Marble. Nearly pure native carbonate of lime. (197.) 

Marine Acid. Muriatic acid. HCl. (114.) 

Martial ^thops.. Fe304. Magnetic oxide of iron. 

Massicot. Amorphous oxide of lead. PbO. Powdered lith- 
arge. (220.) 

Matrass. A glass vessel with a long neck, or a tube sealed at 
one eiid. Used for heating dry substances. 

Mercaptan. An alcohol in which O is replaced by sulphur. 

Metalloid. Non-metal. (89.) 

Menstruum. A solvent, or medium of chemical reaction. 

Metameric Bodies. The same as isomeric. (246.) 

Microcosmic Salt. NaNH^HPO*. 

Milk of Sulphur. Precipitated sulphur. 

Milk of Lime. Whitewash. (198.) 

Mineral Water. Water charged with carbonic acid ; also 
natural water holding medicinal substances in solution. 
(109.) 

Mineral Yellow. Oxychloride of lead. 

Minium. Red oxide of lead. 2PbO.Pb02. (221.) 

Molecule. (See page 63.) 

Monsel's Salt. Subsulphate of iron. (216.) 

Mosaic Gold. Brass. 

Mordant. A substance used to fix colors on fabrics. 

Mountain Blue. Azurite. Native basic carbonate of copper. 
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Mountain Green 1 Malachite. A native basic carbonate of 

copper. (228.) 
Mulberry Calculus. Calcium oxalate. CaC,04. 
Muriatic Acid. Hydrochloric acid. (114.) 
Muriate. A chloride. 

]V[ APHTHA. A light hydrocarbon obtained from petroleum, 

^ ^ and boiling at about 80° to 105°C. (248.) 

Natron. Native carbonate of sodium. (183.) 

Neutral. Without action on test paper. Neither acid nor 

alkaline. 
Neutral Mixture. Solution of citrate of potassium. 
Nitre. Saltpetre. KNO3. (190.) 
Normal Salt. Neither acid nor basic. 

QBSIDIAN. Volcanic glass. 

Ochre. A native mixture of clay and ferric oxide, used 

as a paint. 
Oil of Vitriol. H^SO*. Sulphuric acid. (125.) - 
Oil of Wine. Ethyl sulphate. (C2H5)2SO,. 
Oreide. A species of brass resembling gold, and used for 

jewelry. 
Orpiment. Arsenious sulphide. AsjSs. (151.) 
Ortho-acid. An acid in which each bond of the kernel is 

united to hydroxyl. (OH.) 
Osmosis. The diffusion of liquids through porous septa. See 

Dialysis. (57.) 
Ox-acid. A ternary acid containing oxygen. 

pACKFONG. A variety of German silver. 

Particle. A minute portion of matter. 
Paris Green. Impure Schweinfurth green. Aceto-arsenite of 

copper. (152.) 
Pearl Ash. Impure carbonate of potassium. (191.) 
Pearl Povvder. Subnitrate, or oxychloride of bismuth. (BiO 

NO3 or BiOCl.) 
Pearl White. BiONOa, or BiOCl. 
Pearson's Salt. Arseniate of sodium. Na3As04. 
Pew^ter. An alloy of variable composition. Usually composed 

ot tin, lead, copper and antimony, or zinc. 
Pinchbeck Gold. A species of brass. 
Plaster of Paris. Calcium sulphate. Calcined gypsum. 

(199.) 
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Platinum Black and Sponge. Finely divided platinum. 
(240.) 

Plumbago. Native carbon. Graphite. (166.) 

Potash. Impure carbonate of potassium. (191.) 

Potassa. Oxide or hydrate of potassium. 

Po^vder of Algaroth. Oxychloride of antimony. (159.) 

Precipitate. An insoluble substance, formed on bringing two 
or more substances together in solution. 

Precipitatum Per Se. Mercuric oxide. HgO. Made by 
heating mercury to near its boiling point until it oxidizes. 

Preston Salts. Carbonate of ammonia, flavored with some 
essential oil. 

Prussic Acid. Hydrocyanic Acid. (176.) 

Prussian Blue. Ferric ferrocyanide. (179.) 

Pseudomorph. A mineral crystallized in the form that be- 
longs to another mineral. 

Puce-oxide of Lead. Lead peroxide, or brown oxide. 

Purgative Mineral ^Vate^. Liq. magnes. citrat. 

Purple of Cassius. A pigment produced by treating chloride 
of gold with a solution of stannous chloride. (238.) 

Putty. Composed of whiting and linseed oil. 

Putty Powder. Stannic oxide. 

Pyrites. Native sulphide of iron. 

Pyroxilic Spirit. Wood alcohol. Methyl alcohol. (259.) 

Pyroxylin. Gun cotton. Trinitro-cellulose. (273.) 

QUANTIVALENCE. Quantity of combining power; 
applied to atoms. (71.) 
Quartz. SiO^. (165.) 

Quevenne's Iron. Ferrum redactum. (213.) 
Quicklime. Caustic lime. CaO. (197.) 
Quicksilver. Mercury. (229.) 

!> ADICAL. An atom, or group of atoms, forming the basis 

of a series of compounds. (74.) 
Radical Vinegar, (jlacial acetic acid. 
Realgar. Red sulphide of arsenic. (151.) 
Red Precipitate. Red oxide of mercury. HgO. 
Red Prussiate of Potash. Ferricyanide of potassium. 

(179.) 
Red Tartar. Argol. (193.) 
Regulus of Antimony. Metallic antimony. 
Rochelle Salt. Tartrate of potassium and sodium. (193.) 
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Roche and Roman Alums. Are varieties of potassium 

alum. 
Rock Crystal. Quartz. SiO,. (165.) 
Roman Vitriol. Sulphate of copper. CuSO*. 
Rouge. Ferric oxide in fine powder. FejOs. 
Ruby. Native AI2O3, of a beautiful red color. (238.) 
Rust. Ferric oxide; generally containing some ferric hydrate. 

(218.) 

CACCHARUM Saturni. Acetate of lead. (223.) 

Safety Lamp. A lamp inclosed in wire gauze, to prevent 

explosions in explosive gases in mines, cellars, etc. 
Sal -ffiratus. Potassium bicarbonate. (191.) 
Sal Alembroth. Double chloride of mercury and ammonium. 
Sal Ammoniac. Ammonium chloride. (135.) 
Sal Diureticus. Potassium acetate. 
Sal Enixum. Potassium bisulphate. 
Sal Mirabile. Sodium sulphate. 
Sal Perlatum. Sodium phosphate. 
Sal Prunelle. Fused nitre. KNO3. 
Sal Volatile. Ammonium carbonate. 
Salt of Lemon and Salt of Sorrell. Potassium binoxalate. 

(192.) 
Salt of Phosphorus. Microcosmic salt. 
Salt of Tartar. Pure potassium carbonate. (191.) 
Saltpetre. Potassium nitrate. (190.) 
Sapphire. A native form of AI2O3. 
Scheele*s Green. Arsenite of copper. (152.) 
Schlippe's Salt. Sodium sulphantimoniate. NasSbS*. 
Sch\veinfurth Green. Copper aceto-arsenite. (227.) 
Seidlitz Powder. A mixture of sodium bicarbonate and 

Roehelle salt in one paper and tartaric acid in another. 
Seignette's Salt. Roehelle salt. KNaC4H406. (193.) 
Sizing. A gelatinous mixture put into paper or cloth, to fill 

up the pores. 
Slag. The fused impurities from smelting of ores. (217.) 
Smalt. Glass colored blue by oxide of cobalt and powdered. 
Smelting. The process of recovering the metals from their 

ores. 
Soda Ash. Crude sodium carbonate. (184.) 
Soda Saltpetre. Sodium nitrate. NaNOg. (185.) 
Soluble Tartar. Neutral potassium tartrate. (192.) 
Speculum Metal. An alloy of copper and tin. 
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Speiss. Impure, f\ised nickel arsenide. 

Spelter. Commercial zinc. 

Spermaceti. A fat obtained from the sperm whale. 

Spirit of Hartshorn. Spirit of ammonia. Solution of am- 
monia in alcohol. 

Spirit of Mindererus. Solution of ammonium acetate. 
(196.) 

Spirit of Nitre. Spirit of nitrous ether. (141.) 

Spirit of Salt. Muriatic acid. (114.) 

Soapstone. Talc. (203.) 

Soda ^Vater. Water artificially charged with COj under 
pressure. 

Solder. An alloy of tin and lead. 

Soluble Glass. See Water Glass. (165.) 

Spirit of Wine. Alcohol. 

Steinbuhl Yellow. Barium chromate. BaCr04. 

Substitution. The displacement of an atom in a molecule by 
another atom of a different kind. (254.) 

Sugar of Lead. Lead actetate. (223.) 

Sulphuret. Sulphide. 

Sulphuric ^ther. Ethylic ether. C4H10O. (275.) 

Sulphur Vinum. Impure sulphur. Horse brimstone. 

nPALMI Gold. An alloy of copper and aluminium (90 to 
^ 10). 

Tartar Emetic. Antimony and potassium tartrate. (160.) 
Tasteless Purging Salt. Sodium phosphate. 
Thenard's Blue. A compound of the oxides of aluminium 

and cobalt. 
Tincal. Native borax. Na2B407. (185.) 
Tincture. A solution in alcohol. When in ether, it is called 

an ethereal tincture. 
Tombac. A kind of brass. 
Tournesol. Litmus. 
Trituration. Rubbing in a mortar. 
Trona. Native sodium carbonate. (183.) 
Turnbuirs Blue. Ferrous ferricyanide. (179.) 
Turner's Cerate. Calamine cerate. 
Turner's Yello^v. Lead oxy chloride. 
Turpeth Mineral. Yellow sulphate of mercury. (233.) 
Tutty. Impure zinc oxide. 
Type Metal. An alloy of lead and antimony. (1 to 3.) 
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T JMBER. A native silicate of aluminium, with oxides of 
iron and manganese. Used as a brown paint 

Ultramarine. Lapis lazuli. A compound of aluminium so- 
dium silicate with sodium sulphides. A beautiful blue pig- 
ment. It is now prepared artificially, as well as a green, red 
and violet variety. 

A/^ALENCC of Atoms. Quantity of combining power. 

Vallet's Mass. FeCO, made into a pill mass. 
Varec. Kelp. Ash of sea weeds. 
Verd Antique. Precious serpentine. 
Verdigris. Impure copper subacetate. (228.) 
Verditer. Basic copper carbonate. 
Vermilion. Artificial mercuric sulphide. HgS. (233.) 
Vitriolic Acid. Sulphuric acid. (125.) 

• 

AVT^'T^K Glass. Soluble glass. Sodium silicate. (166.) 

White Arsenic. Arsenious oxide. 
"White Lead. A basic lead carbonate. (223.) 
White Precipitate. Ammoniated mercury. Mercur-amido- 

gen chloride. NH.HgCl. (232.) 
\Vhite Vitriol. Zinc sulphate. (206.) 
Whiting. Prepared chalk. CaCOs. White clay, often sold 

for whiting. 
Wood Naphtha and ^Vood Spirit. Methyl alcohol. 

(278.) 
Wood Vinegar. Pyroligneous acid. Impure acetic acid. 

(278.) 

VT'ELLOW Prussiate of Potash. Potassium ferrocyan- 

^ ide. (179.) 

Yello^v Wash. Made by adding corrosive sublimate to lime 
water. It forms mercuric oxide. (233.) 

VAFFRE. Impure cobalt oxide. 

^ Zinc White. Zinc oxide. Used as a paint. (223.) 

Zymosis. The peculiar action caused by a ferment. 
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Acetone, 258 

Aceljlenefl, 247 249 
Acid, acetic, 278 
" aceiic, Rlacial, 379 



antiraonioDS, 160 
arsenic., 163 
arsenioua, 152 
benzoic, '2S9 
biBmutbia, 162 
baracic, 164 
bromic, 117 
bii^c, 280 
caffeetannic, 808 
capric, 805 
caproic, 259, 805 
oaprylic, 253, .305 
carbaaotic, 288 
carbolic, 287 
carbonic, 174 

chloric, lis 
chlorous, 116 
cholesteric, 313 
cholic, 312 



303 



Chro 



:, 286 



cyanic, 178 
dextrotartaric. 285 
diohloracetic, 279 
ethjlaulphuric, 27S 
formic, 278 
gallic, 303 
gallotanDLa, S03 
gljcero- phosphoric, S 
glycero-sulpnuric, 26 
glycullic, 282 
gljcoeholic, itl2 
hippuric, 291 
hydriodio, 118 



Acid, hydcobromio, 117 
" hydrochloric, 114 
hyilrocyiiiiic, 176 
hvdrolluoric, 111 
liydroSuo- silicic, 166 
hjdruBulphuric, 122 
hyoglycocbolic, 812 
hypobromous, 117 
hypucblorouB, 1]5 
hjpopboBpborouB, 148 
hypociiLrouB, 138 
hypoBclphurous, 124 
inaigdtin-aulphouic, 315 
iodic, 119 
isobutyric, 2 



308 

kyaniiric, 312 
lactic, 259, 282 
lievutBrtaric, 28S 
lithofellLc, 312 



nitro-hydrocbioric' U2 



orthosulpharie, 31 
oami'!, 242 

OXT benzoic, 290 
palmitic, 282 
perbromic, 117 
perchloric, US 
periodic, 119 
phenic, 287 
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Acid, phenylsalpharic, 288 

** phosphoric, 147 

*' ** glacial, 148 

** phosphorous, 149 

** picric, '288 

" prussic, 176 

** pyroantimonic, 160 

** pyrophosphoric, 148 

'* pyrotartaric, 285 

*^ quercotannic, 803 

** quinic. 808 

** racemic, 286 

** saccharic, 267 

** salicylic, 290 

** silicic, 166 

" stearic, 282 

^* succinic, 283 

'^ sulphocarbolic, 288 

" sulphocarbonic, 175 

*^ sulphuric, 125 

•* ** fuming, 127 

" ** Nordhausen, 127 

** sulphurous, 124 

** sulnhydric, 122 

** tannic, 303 

'* tartaric, 285 

** taurocholic, 312 

** tetraboric, 165 

" trichloracetic, 257 

** trioxybenzoic, 303 

*' tungstic, 242 

** uric, 291 

** valerianic, 281 

** valeric, 281 

** albumin, 309 

** salt, 78 
Acids, atomicity of, 259 
" basicity of, 77 
*» biliary, 312 
" definition, 76, 258 
" fatty, 278 
** organic, 258, 277 
" sulpho, 77 
" thionic, 124 
Aconitine, 297 
Actinic rays, 36 
Adhesion, 13 
Actinism, 36 
^thiops mineral, 233 
Air, gases in, 131 
Albumin, egg, 306 



Albumin, semni, 806 

** vegetable, 806 
Albumins, derived, 809 
Albuminates, acid, 809 

alkali, 309 
Albuminose, 309 
Alcohol, absolute, 262 
* amyl, 264 
butyl, 259 
ceryl, 259 
cetyl, 259 
commercial, 263 
diatomic, 256 
ethyl, 261 
heptyl, 259 
hex^l, 259 
melissyl, 259 
menthyl, 251 
methyl 259 
octyl, 259 
phenyl, 287 
propyl, 259 

physiological action, 262 
Alcohols, hexatomic, 266 
** monatomic, 259 
" table of, 259 
'* tetratomic, 266 
" triatomic, 256, 265 
Aldehyde, ethyl or acetic, 257 
Aldehydes, 267 
Algaroth, powder of, 159 
Alizarine, 253 
Alkali albumin, 309 
Alkaline earths, metals of, 180 
Alkaloids, 294 

'* cadaveric, 300 

glucoside, 296 
natural, 294 
opium, 298 
putrefactive, 300 
Allantoin, 318 
Allotropism, 113 
Alum, burnt, 240 

*' ammonium, 240 
" chrome, 240 
" ferric, 240 
** manganese, 240 
** . potassium, 240 
Alumina, 239 
Aluminates, 239 
Aluminium, 238 
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Alnminiam, broDze, 239 
** chloride, 239 

** hydrate, 239 

** oxide, 239 

'* sulphate, 239 

Aluminium and ammon. sulphate, 

240 
Amalgam, 230 
Amalgamation, 42 
Amber, 252 
Amides, 292 

** acid, 292 

Amines, 293 
Ammonia, 134 

" action on economy, 196 

Ammoniacum, 252 
Ammonium, acetate, 196 

benzoate, 196, 289 
bromide, 195 
carbonate, 195 
chloride, 194 
compounds, 194 
cyanide,. 194 
hydrate, 194 
iodide, 195 
molybdate, 241 
muriate, 194 
nitrate, 196 
phosphate, 196 
sulphate, 196 
sulphide, 195 
sulphydrate, 131 
sulphocyanate, 178 
Ammonias, compound, 291 
Ammonio-ferrous, sulphate 214 
Ammonio-magnesium phosphate, 

204 
Ampere's law, 17, 66 
Amygdalin, 301-319 
Amyl acetate, 276 
Amyl alcohol, 264 
Amyl nitrate, 276 
Amyloses, 271 
Amylum, 271 

Analysis, toxicological, 157 
Anaesthetics, 326, 327 
Anglesite, 222 
Anhydride, boric, 164 

'* molybdic, 241 

<* nitric, 140 

** nitrous, 139 
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Anhydride, silicic, 165 

'* sulphuric, 126 

^^ sulphurous, 124 

Anhydrite, 199 
Anilin, 293, 297 

** colors, 294. 
Annatto, 316 
Anthracene, 258 
Antiarin, 301 
Antimony, 158 
Antimony and potass., tartrate of, 

160, 194 
Antimony, butter of, 169 
chloride, 159 
crocus of, 159 
glass of, 159 
hydride, 158 
oxide, 160 
oxychloride, 159 
protochloride, 159 
pentachloride, 159 
physiological action, 

161. 
sulphate, 160 
sulphide, 159 
trioxide, 160 
" trichloride, 159 

** vermilion, 160 

Antipyrine, 297 
Antiseptics, 132 
Apomorphine, 298 
Appendix, 329 
Aqua, 109 

ammoniae, 135, 194 

fort., 135, 194 
chlorina, 113 
fortis, 147 
regia, 142 
Arabin, 274 
Arabinose, 274 
Arbutin, 301 
Argentum, 235 
Argol, 193, 285 
Arsenic, 149 

disulphide, 151 
fluoride, 161 
iodide, 151 
oxides, 152 
pentasulphide, 151 
poisonine, 153 
tribromide, 151 
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Bamett's fluid, 188, 826 
Butter, 805 

'* of antimony, 169 
Butterine, 805 
Bntylen, 249 
Butyric acid, 280 

fermentation, 822 
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CADMIUM, 208, 207. 
•* chloride, 207 
•* compounds of, 207 
" hydrate, 207 
" iodide, 207 
" oxide, 207 
" sulphate, 207 
'* sulphide, 207 
CsBsinm, 194 
Caffeine, 297 
Calabar bean, 827 
CalaimiM, 205 
Calcium, 197 

** bromide, 198 

^^ carbonate, 200 

" chloride, 198 

*' hydrate, 198 

" iodide, 198 

" hopochlorite, 198 

" light, 198 

" oxalate, 201 

" oxide, 197 

'' salt!!. 198 

** sulphate, 199 

^' sulphocarbolate, 288 

" physiological effects, 201 
Calculus, lusible, 205 
Cal laud's battery, 41 
Calomel, 280 
Caloric, 27 
Calorie, 27 
Calx, 197 
Camphor, 250 

'* dibromide, 251 

^' monobromated, 251 
Camphors, 250 
Cane sugar, 268 
Caoutchouc, 250 
Caramel, 269 
Carat, 288 
Carbohydrates, 267 
Carbon, 166 

^* amorphous, 167 



Carbon and hydrogen, 248 
** and oxygen, 170 
" and sulpnur, 175 
" dioxide, 171 
" ** in air, 130 

** disulphide, 13i, 175 
" gas retort, 168 
** monoxide, 170 
** monosulphide, 175 
" nuclei, 244 
" suboxide, 170 
Carbonates, 174 
Carmine, 316 
Carnallite, 188 
Carnin, 318 
Casein, 309 

Caseins, vegetable, 310 
Caustic alkalies, 180 

** ** poisoning by, 186 

** potash, 188 
*» soda, 181 
" lunar, 236 
Cell, Bunsen's, 40 
** galvanic, theory of, 38 
** Groves', 40 
** Leclanch6, 41 
Cellulose, 273 
Cement, 198 
Cerasin, 274 
Cerebrote, 317 
Cerussite, 219, 222 
Chalcocite, 225 
Chalcopyrite, 225 
Chalk, 200 

** prepared, 200 
Charcoal, 167 

** animal, 167 
** wood, 167 
Charles, law of, 19 
Chemical affinity, 14, 38 

** elements, definition of, 

63 
** elements, table of, 64 
** equations, 85 
" notation, 71 
** physics, 16 
** reactions, 83 
** ** rules for, 85 

** symbols, 71 
Chemicals, solubility of, 337 
Chemism, 13, 88 
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Clii'miatry. definition of. 
inor)Euiiir. ^V* 
orfsiiiiic. 24^ 
theoretical, 03 
Chlorail. 2i>7, :«: 

hvtIrHte, 2.'i7 
Chhiriile oV lime. IDS 
Chli.riiie. 112, i:)! 

oxiiies, 115 
hydride, 114 
Chloroform', 2»i(» 

physiological effects, 
2«il 
*• vapors, 827 

Chlorophyll, 31t5 
Cholopyrrhiii, 313 
Cholesteriii, 312 
Chondrin, 311 
Chromates, 200 

** toxicolopr, 210 

Chrome, ulinn. :0(), *J40 
** in»ii, a^ 
** ytllow, 223 
Chromic anhydride. 21^8 
** Chlorides, 209 
** oxide, 208 
** trioxide, 208 
Chromium, 208 

alums, 209 
oxides, 208 
sulphates, 209 
OT-.-^mous chlorides, 209 
v'j.'V. 0\Mnposition of, 830 
."^ iv.-> .uridine, 298 
.*Mv:'»o- 'v-e. 2l»7 
; ii.fA^AT. 2A», 288 

~«^iToftC:c3 of elements, 89 

'«» ■•> 
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Cohesion, 13 
Coil, induction, 46 
Coke. 108 
Colchicine, 298 
Colcothar, 215 
Colic, painters', 228 
Collasen, 311 
Collodion, 273 

" flexible, 278 
** styptic, 273 
Colloids, 67 
Colophony, 252 

Coloring matters, vegetable, 315 
Combustion, 95 

" moist, 106 

Compound body, 63 
Compounds, 76, 817 

*» scale, 285 

Conductors, resistance of, 43 
Conglutin, 310 
Coniferin, 801 
Conine, 298 
Convolvulin, 801 
Convulsives, 324 
Copal, 252 
Copperas, 214 
Copper, 224 

*^ acetates, 228 

arsenite, 227 

carbonates, 227 

physiological action, 228 

pigments, 228 

pyrites, 225 

sulphate, 227, 325 

stone, 225 
Corrosive sublimate, 326 
Corundum, 288 
Cotton, gun, 273 
Cream of tartar, 193 
Crocin, 316 
Crocoisite, 219 
Crystallin, 307 
Crystallizations, 57 

" water of, 59 

Crystals , system of, 59 

•' forms of, 57, 59 

Crystalloids. 58 
Crystallography, 57 
Culinary paradox, 24 
Cupric compounds, 226 
Cuprite, 226 
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Cuprons compounds, 225 
Oarrents, extra, 47 
" Faradic, 47 
'* induced, 46-47 
*' interrupted, 47 
secondary, 47 
thermo-electric, 49 
Cyanides, 176 

compound, 179 
toxicology, 177 
Cyanogen, 176 
Cynogene, 248 

DAPHNIN, 296 
Decimal system, 14 

Definite proportion, law of, 92 

Deliquescence, 55-59 

Delinants, 824 

Density, 11 

Deodorizers, 182 

Deoxidation, 98 

Deposit, lateritious, 291 

Depressants, 824 

Dew point, 180 

Dextrin, 272 

Dextrogyrate, 268 

Dextrose, 270 

Dialysates, 57 

Dialyser, 57 

Dialysis, 57 

Diamond, 166 

Diastase, 818 

'' pancreatic, 818 

Dicalcium phosphate, 200 

Diffusion, 21, 55 

" of gases, 20 

" of liquids, 66 

" Graham's law of, 21 

Digestion, 110 

Digitalin, 802 

Digitalis, 827 

Dihydro-phenol, 288 

Dimethyl oxichinine, 297 

Dimorpnism, 59 

Dipotassium sulphate, 192 

Disinfectant, Lanande's, 133 

Disinfectants, 132 

*' commercial, 134 

Disodium phosphate, 184 
<' tetraborate, 185 

Distillation, 25 
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Distillation, destructive, 25 

*' fractional, 25 

Dolomite, 203, 205 
Drummond light, 193 
Dualine, 266 
Dulcite, 266, 267 
Dulcose, 267 
Dynamite, 266 

EBONITE, 250 
Efflorescence, 59 
Electrical induction, 37 
** tension, 40 
** current or circuit, 39 
Electricity, 86 

effects of, 51 
extra current, 47 
frictional or static, 50 
magneto-, 48 
resistance of conduc- 
tors of, 43 
secondary or induced 
currents, of, 45-47 
Electro- negative, 89 
Electro-metallurgy or plating, 52 
Electro-motor force, 40 
Electro-positive, 89 
Electrodes, 45 
Electrolysis. 51 

Elements, chemical, definition, 63 
classification of, 89 
non-metallic, 90 
typical, 91 
Elutriation, 200 
Emerjr, 238 
Emetics, 325 . 
Emulsin, 318, 319 

** ferment, 318 
Enzymes, 318 
Epsom salt, 204 
Equations, 85 
Equivalence, 71 
Esculin, 302 
Esculetin, 302 
Eserine, 298 
Essence of mirbane, 293 
Ether, 327 

** acetic, 276 

*V ethyl, 276 

** luminiferous, 29 

<< methyl acetic, 260 
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Hydrogeiii arseniuretted, 160 
** basic, 77 

*' chloride, 114 
^' disodium phosphate, 

184 
*' fluoride, 111 

'' light carburetted, 247 
** oxide, 97 

** peroxide, 110 

" phosphoretted, 146 

'^ sodium carbonate, 184 

** " phosphate, 188 

'' sulphate, 125 

'* sulphuretted, 122 

'' ammonium carbonate, 

195 

Hydrometer, 13 

'' Twaddell, 13 

Hydropotassium, carbonate, 191 
** oxalate, 192 

" sulphate, 192 

" tartrate, 193 

Hydroquinone, 288 

Hydrosodium sulphate, 183 

Hydroxylamine, 136 

Hygroscopic, 69 

Hyoscyamine, 298 

Hyponitrous oxide, 137 

Hypothesis, definition of, 9 

Hypoxanthine, 318 

Hyposthenisants, 324 

ICE, 99 
Illuminating gas, 169 
India rubber, 250 
Indican, 302, 315 
Imides, 291 
Indigo, 315 

** carmine, 315 
Indigotin, 315 
Indium, 238 
Induction, electrical, 37 

" coil, 46 

Inebriants, 324, 327 
Inertia, 14 

Infectious diseases, 327 
Infusion, 110 
Inosite, 271 
Invertin, 318-320 
Iodine, 117, 326 

compound tincture, 189 
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Iodine, oxides, 119 
Iodoform, 261 
Iridium, 240 
Iron. 212,326 

** cast, 213 

" chlorides, 216 

** chrome, 208 

" citrates, 217, 218 

" oxides, 214, 216 

*' phosphates, 218 

" pig, 213 

" scale compounds of, 217 

*' sulphates, 214 

** tartrates, 217 

** wrought. 213 
Isomeric bodies, 246 
Isomerism, 245 

JALAPIN, 301 
Jeweler's rouge, 216 

KALIUM, 187 
Kephalins, 317 
Kermes' mineral, 160 
Kerosene, 248 
Ketones, 268 
Kreatin, 317 
Kreatinin, 317 

LABARRAQUE'S solution, 186 
Lac sulphuris, 122 
Lactometer, 13 
Lsevogyrate, 268 
Lamp black, 167 
Lana philosophica, 206 
Lanthopine, 298 
Lapis infernalis, 236 
Lardacein, 310 
Laudanine, 298 
Laudanosine, 298 
Laudanum, 326 
Laughing gas, 137 
Law of Ampere, 17, 66 

'* Avogadro, 17, 66 

** Berthelet, 84 

'' Charles, 19 

" definite proportions, 92 

*' Graham's, 21 

*' Mariotte, 19 

'' Ohm's, 44 
Leaching, 110 



INDEX. 



367 



Gasometer, 169 

Gases, constitution of, 17 

** diffusion of, 20 

" poisonous, 327 
Gastric juice, analysis of, 380 
Gelatin, 311 
Germicides, 132 
Gersdorffite, 218 
Giant powder, 266 
Glass, 166 

" soluble or water, 166 
Glauber's salt, 182 
Globulin, 307 
Globulins, 306 
Glucoses, 267 
Glucosides, 301 
Glue, 311 
Gluten, 310 
Glycerine, 256 

*» nitro, 266 

Glycerines, 265 
Glycerrhicin, 302 
Glyceryl trinitrate, 266 
Glycocin, 310 
Glycogen, 272 
Glycol, 266 
Gmelin's test, 314 
Gold, 237 

** trichloride, 238 
Goulard's extract, 223 
Graham's law of diffusion, 21 
Gramme, definition, 15 
Grape sugar, 270 
Graphite, 166 
Gravitation, definition of, 11 

;* law of, 11 

Gravities, specific, table of, 336 
Gravity, specific, 11 

** ^ " flask, 12 
Greenockite, 207 
Green, Brighton, 229 

** Brunswick, 228 

" mineral, 228 

** mountain, 228 

" Neuwieder, 228 

" Paris, 227 

" verditer,-228 
Guaiacum, 252 
Guanin, 318 
Gum Arabic, 274 
** bassorin, 274 



Gum, British, 272 

*' lac, 263 

** resins, 252 

" Senegal, 274 

'* tragacanth, 274 
Gums, 262, 274 
Gun cotton, 278 

** powder, 191 
Gutta percha, 250 
Gypsum, 199. 

H^MATIN, 308 
** hydrochloride, 308 

Haemin, crystals, 808 
Haemoglobins, 308 
Haematite, 212, 215 
Halogen elements, 111 
Hausmanite, 210 
Heat, 22 

" latent, 26 
" sensible, 28 
'* specific, 27 
Hematoidin, 313 
Hematoxylon, 316 
Heavy spar, 202 
Helleborein, 302 
Helleborin, 302 
Hemipeptone, 310 
Hemlock, 327 
Histozym, 318, 320 
Homologous series, 245 
Hornblende, 203 
Hydrates, 77 
Hydric cnloride, 114 

^' sulphate, 122 
Hydrobilin, 814 
Hydrobilirubin, 314 
Hydrocarbons in air, 181 

^* radicals, 255 

** homologous, no- 

menclature of, 247 
^^ homologous series 

of, 245 
" isologous series of 

245 
Hydrogen, 91 

" alcoholic, 258 

*^ and nitrogen, 134 

** and oxygen, 97 

" antimoniuretted, 158 

^^ arsenides, 150 
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MnM, rtofitiHWm of, 10 

MnttfMN <1«'fintiion of, tt 
flivinionn of, 10 

»<tHtr»n of, 1ft 

„„,,nAniwW chloride, 232 
V..,.,,^VAOwrH>«*»^*; 281 

t,;lT>iu>ate of, 262 

.. «;.kHline, 180 

of the alkaline earths, 197 
platinum, 240 

V.x^hi^wo. 247 

trichlor, 260 
>(o4)^vl acetate, 260 
-' alcohol, 259 
chloride, 260 
Votric system, 14 
Miooderma cerevisiae, 262 
M crozimas, 320 
Milk, composition of, 331 
•' of lime, 198 
" sii^ar (lactose), 269 
" of magnesia, 204 
Mindererus, spirit of, 196 
Mineral green, 228 
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Kits ^nsBii. 2S!7 

McQeciLks. 1<U ^ 

sBd atoms, multiplica- 
tion of. 72 
composition of, 246 
compound, 76 
constitation, 246 
definition of, 63 
elemental, 67 
number of atoms in, 67 
salt, 77 
size and weight of, 17 

Molybdenite, 241 

Molybdenum, 241 

Molybdic trioxide, 241 

Monocalcinm phosphate, 200 

MonopGtasranm sulphate, 192 

Monosodinm phospnate, 185 

M ousel's solution., 216 

Morphine, 2^ 826 

Mortar, 198 

hydraulic 198 

Mountain green, 228 

Mucin, 311 

Mustard, 325 

Mycoderma aceti, 279, 821 

Myelins, 317 

Myosin, 307 

Myrosin, 318, 319 

Myrrh, 253 

Mythelene dichloride, 827 

NAPHTHA, 248 
Naphthaline, 253 
Narceine, 298 
Narcotics, 324, 326 
Narcotic e, 298 
Nascent state, 93 
Natrium, 181 

Natural science, definition of, 9 
Nessler's test, 136 
Neurotics, 326 
Neutrals, 76 
Neuwieder green, 228 
Niccolite, 218 
Nickel, 218 
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Nickel compounds, 219 
Nitre, 190 

** spirits of, 141 
** sweet spirits of, 276 
Nitric oxide, 138 
Nitriles, 293 
Nitrites, 139 
Nitro-benzol, 293, 327 
Nitroform, 261 
Nitro-glycerin, 266 
Nitrogen, 128 

and hydrogen, 134 
chloride, 137 
dioxide, 138, 140 
iodide, 137 
monoxide, 137 
peroxide, 140 
protoxide, 137 
tetroxide, 140 
Nitrous oxide, 137, 327 
Nomenclature, 79 

*' examples of, 81 

frregularitiesin, 82 
of homologous hy- 
drocarbons, 247. 
rule for, 79 
simplified, 80 
Non- metallic elements, 90 
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OCCLUSION, 92 
Ohm's law, 44 
O'ldium albicans, 321 
Oil of bergamot, 249 
of cloves, 249 
of copaiba, 249 
of cubebs, 249 
elemi, 249 
fuBel, 264 
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juniper, 249 



lavender, 249 

lemon, 249 

mineral sperm, 248 

orange peel, 249 

pepper, 249 

vitriol, 125 
Oils, essential, 249 
** fixed, 304 
*' lubricating, 248 
defines, 248 
Olein, 304 
Oleomargarin, 305 






Oleoresins, 262 

Opium, 326 

Ores, 205 . . ' . 

Organic bodies containing nitrogen, 

291 
Organic compounds, synthesis of, 

255 
Organic chemistry, definition of, 

243 
Organic radicals, 254 
Orpiment, 151 
Osmium, 241 

*' tetroxide, 242 
Osmosis, 67 
Ossein, 311 
Oxaluria, 201 
Oxidation, 96 
Oxygen, 94 
Oxyhaemoglobins, 308 
Oxymorphine, 298 
Ozocerite, 248 
Ozone, 96 

PALLADIUM, 240 
Palmitin, 304 

Pancreatic juice, analysis of, 33 1 

Papaverine, 298 

Paradox, culinary, 24 

Paraffin, 248 

Paraffin es, 247 

Paraglobulin, 307 

Paraldehyde, 257 

Parchment paper, 126, 274 

Paregoric, 326 

Paris green, 152, 227 

Pearlash, 191 

Peat. 168 

Pepsin, 319 

Peptones, 310 

Permanganates, 211 

Pettenkofer's test, 312 • 

Petroleum distillation, 248 

Phenol, 287 

Phloretin, 302 

Phlorizin, 2(02 

Phosphine, 146 

Phosphorus, 143, 326 
black, 144 
oxides, 147 
oxychloride, 146 
pentoxide, 147 
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Phosphoras, red, 144 

** trichloride, 146 

'* trioxide, 147 

** physiological action, 

146 
" white, 144 

Physical forces, 11 

** science, definition of, 9 
Physics, 9 

** chemical, 16 
Physostigmine, 298 
Picnometer, 12 
Picrotoxine, 299 
Pilocarpine, 299 
Piperine, 299 
Plaster; -of- Paris, 199 
*• diachylon, 282 
'* lead, 282 
Platinic tetrachloride, 241 
Platinum, 240 ' 

*' compounds, 241 

** sponge, 240 

Plumbago, 166 
Plumbates, 221 
Plumbic anhydride, 221 
Plumboso- plumbic oxide, 221 
Plummer's pillSj 159 
Poisons and their antidotes, 322, 
326 
** corrosive, 323 
" irritant, 324 
'* neurotic, 324 
/* septic, 324 
Poisoning, symptoms of, 322 
** treatment of, 326 

Poisonous gases, 324 
Polarity, 37 

** of the elements of bat- 
teries, 42 
Polarization of plates, 42 
Poles, 46 

Polychroite, 302, 316 
Polymerism, 245 
Popuiin, 302 
Potash, by alcohol, 188 
»* by lime, 188 
** binoxalate of, 192 
" neutral tartrate, 192 
** red chromate, 209 
" red prussiate, 179 
** yellow prussiate, 179 



Potassa, 188 

'^ caustica, 188 

Potassium, 187 

** acetate, 192 

** arsenite, 162 

" bicarbonate, 191 " 

" bromide, 188 

** carbonate, 191 

** antimonyl tartrate 



160, 194 
chlorate, 189 
chloride, 188 
chromate, 209 
chrome alum, 210 
cyanide, 189, 327 
dichromate, 209 
ferricyanide, 179 
ferrocyanide, 179 
fluoride, 189 
haloid salts of, 188 
hydrate, 188 
hypochlorite, 190 
iodide^ 189 
manganate, 212 
nitrate, 190 
. oxalates, 192 
oxide, 187 
pentasulphide, 192 
perchlorate, 190 
permanganate, 212 
plumbate, 221 
quadroxalate, 192 
sulphate, 192 
sulphides, 192 
sulphites, 192 
^ tartrates, 192 

Potato spirit, 264 

Powder of algaroth, 1 69 

Pressure, standard of, 20 

Proteids 305 

Protagon, 317 

Protopine. 298 

Prussic acid, 176 

Prussian blue, 179 

Pseudomorphine, 298 

Ptomaines, 300 

Ptyalin, 818 

Purple of Cassius, 238 

Pyrolusite, 210, 211 

Pyromorphite, 219 

Pyroxylin, 273 
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QUANTIVALENCE ; 71 
'' table of, 75 

** variation in, 73 

Quartz, 165 
Qiiercitrin, 302 
Quieting cordials, 826 
Quinidiae, 299 
Quinine, 299 

sulphates, 299 
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EADICALS, 74 
Radiometer, 18 

Reactions, 83 

* * rules for writing, 85 

** synthetical, 255 

Reagent, definition of, 83 

Realgar, 151 

Red crocus, 215 

Reduction, 93 

Reinsch's test, 155 

Rend rock, 266 

Resin soap, 252 

Resins, 252 

'' fossil, 252 
** gum, 252 

Resorcin, 288 

Rheadine, 298 

Rheophores, 45 

Rhigolene, 248 

Rhodium, 240 

Rhodochropite, 210 

Rochelle salt, 193 

Rubidium, 194 

Ruby, 238, 239 

Rum, 263 

Rust, 213 

Ruthenium, 240 

SACCHARATES, 269 
Saccharometer, 269 
Saccharoses, 268 
Saccharorayeetes albicans, 821 
Saffron, 316 
Sal ammoniac, 194 

** volatile, 196 
Saleratus, 191 
Salicin, 290, 299 
Salicylates, 290 
Saliva, composition of, 330 
Salt, common, 182 
** acid, 78 



Salt, Epsom, 204 

'' Glauber's, 182 

** of lemon, 192 

** of Saturn, 223 

** of tartar, 191 

'^ Rochelle, 193 

*' Seidlitz, 204 

" of sorrel, 192 
Saltpetre, 190 

** Chili, 185 
Salts, 76, 77 

** basic or sub-, 78 

** double, 78 

** metallic, 326 

" normal, 78 
Saponification, 265 
Saponin, 302 
Sapphire, 238, 239 
Sarkin, 318 
Saturated solution, 55 
Scale compounds of iron, 217 
Scales, thermometric, 28 
Scheele's green, 152, 227 
Schweinfurth green, 227 
Science, definition of, 9 
Selenium, 127 
Septicine, 300 
Serpentine, 203 
Shell lac, 253 
Siderite, 212 
Signs, 74 
Silicates, 166 
Silicic hydride, 165 
*' oxide, 165 
Silieium, 165 
Silicon, 165 

*' compounds, 165 
Silver, 235 

*' bromide, 236 
'' chloride, 236 
'' cyanide, 236 
'* fulminate, 262 
'' iodide, 236 
** nitrate, 236, 326 
• " oxides, 235 

** salts in photography, 236 
Sla^, 213 
Smithsonite, 205 
Soaps, 282 
Soapstone, 203 
Soda, 181, 183 
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Soda ash, 184 




" hbtk liftll, 184 


Stercobitin, 314 ^^^H 


'■ cftus'ic, 181 


Stibiue, ^^H 


" Ije, 181 


-Stinga, 32T ^^^M 


" neuirul carbonate, ISS 


■' sal. 183 


Storax, 253 . .^^^H 


" waahing, 188 


Strontium, 201 ^^^H 


Sodium, 181 


Strychnine, SOO ^^^^1 


" benzoote, 289 


Sublimation, 26, 26 ^^H 


'■ borates, 184, 185 


Substitution prodacta, 254 ^^^H 


bromide, 182 


Sncrates, 269 ^^^H 


" carbonate, 183 


Sugar, barley. 209 ^^H 
cane, 268 ^^^M 


" cblorlde, 1S2 


" hydrate, 181 


grape, 270 ^^^H 


" hypochlorite, 186 
" ioifide, 182 


inverted, 269 ^^H 


Uauorice,302 ^^H 


" nitrate, 185 


milk, 269 ^^^H 


" oiidee, 181 


oflead, 22S ^^H 


" phosphateB, 184, 185 


SugarB, 268 ^^^M 




Suine. 305 ^^^H 


" fiulphatea, 1S2 


Sulphates, 120 ^^H 


" luiigatate, 242 


Sulphocyanates, 178 ^^^^H 


Solanine, SU3 


Sulphur, 119 ^^H 


Solution, 56 


" flowers of. ISO ^^H 


" Fehling's, 270 


liver of, 192 ^^H 


120 ^^H 


" - gold, 54 

" Liigd's, 118 


Sulphuric ether. 275 . ^^H 


Sulphurous chloride, 137 .^^H 


" Monael'a, 21B 


oxide, 124, 181 ^^^M 


" of ganea, 56 


iodide, 1'^ ^^H 


" BUvsr, 54 


Superphosphate of lime, 200 .^^H 


Soot, 167 


Sweat, analysis of, 332 


Sorbin, 297, 271 


Sylvite, 188' 


Sorbite, 267 


Synaptase, 319 


Specific gravity, 11 




^ Spectra, abflorption, 35 


265 ^^^ 


^ BpectroBcope, 32 


Synthetical reactJous, 255 .^^^M 


^B Spectrum, 31 


t^jutonin, 307, 309 ^^^H 




Syrup ipecacuanhae, S25 ^^H 


■ solar, 38 


soothing, 326 ^^H 


■ Sphalerite. 205 


1 


^M Spirit of Mindererua, 195 
^A melbjiated, 260 


rpABLE: of chemical elements, 
1 64 


^1 SpiriU, 263 


Table ; of compound radicals, 76 i 


H - of nitre, 141 


" of electro chemical seiiafc . 


^B sweet, 27B 


^^1 


^B Sprue, 822 


of measures, 385 ^^^M 


^K SUrch, 271 




^B " pute, 272 


ments, 75 i^^H 


^K Sl«))r(n, il(i4 


of solubility of chemioal^^^H 


^B at«i, 318 


888 f^^l 
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Table of specific gravities, 886 

** of wave lengths, 81 

^* of weights and measures, 834 
Talc, 203 
Tannin, 308 
Tartar, cream of, 193, 285 

" crude, 193, 286 

" emetic. 160, 194, 826 

** soluble, 192 
Taurine, 812 
Teas, analysis of, 382 
Tellurium, 127 

Temperature, definition of, 37 
** standard of, 20 

Terra alba, 199 
Test, Gmelin's, 314 

** Marsh's, 166 

" Pettenkofer's, 812 

" Reinsch's, 155 
Toxicological analysis, 157 
Thebaine, 298 
Theobromine, 300 
Theory, definition of, 9 
Thermal unit, 27 
Thermometers, 28 
Thrush, 322 
Tin, chloride, 326 
Tincal, 186 
Tobacco, 827 
Tolu, 253 
Toluene, 258 
Topaz, 239 
Torula, 262, 321 
Treacle, 268 

Tricalcium phosphate, 199 
Tricupric carbonate, 227 
Tungstates, 242 
Tungsten, 241 
Turmeric, 316 
Turnbull's blue, 179 
Turpeth mineral, 238 
Turpentine, 249 
Typical elements, 91 
Tyrosine, 317 

URINARY pigments, 814 
Urine, analysis of, 332 
Urine, black, 316 
Urinometer, 13 
Urobilin. 314 
Uroxantnin, 814 



VANILLIN, 301 
Vapor, watery, 130 
Venetian red, 216 
Veratrine, 300 
Verdigris, 228 
Vermilion, 233 
Vinegar, 279 
Vitellin, 807 
Vitriol, blue, 227 

** green, 214, 826 

*' white, 206 
Vulcanite, 260 



WATER, 97 
" alkaline, 109 
Water, analysis of, 104 

** chalybeate, 109 

** glass, 166 

** hardness of, 106 

** ice, 102 

" impurities of, 106 

'' laurel, 327 

»* lime, 198 

** mineral, 109 

*' natural, 101 

** of constitution, 204 

** of crystallization, 69 

** potable, 101 

** purification of, 108 

** rain, 101, 102 

** saline, 109 

** snow, 101 

** spring, 102 

** surface, 108 

** thermal, 109 

** vapor of, 101 

** well, 102 
Wax, animal, 248 
Weight, atomic, 69 

** molecular, 66, 86 
Weights and measures, table of, 

884 
Whisky, 263 
White lead, 223 

** permanent, 223 

** precipitate, 232 

** vitriol, 206 
Wine, 263 
Witherite, 202 
Wolfram, 241 
Wood spirit, 278 



XANTHIN, 817 
XftDthophjll, 816 
Xjloidin, 272 



ZINC, 305, 207 
amalgaTnation of, 42 
Ziac, buUer of, 206 

" chloride, 206, S26 

" hydrate, 2o0 

" oxide, 206 

" mlphate, 206, S26 

" snIphocarboUte, 2B8 

" toxicology, 207 
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RE-ISSUED IN AN IMPROVED FORM. 
Handsomely Botmd in Med Cloth, 

The American Health Primers. 

EDITED BY W. W. KEEN, M.D., 
Fellow of the College of Physicians of Philadelphia . 

This series of American Health Primers is prepared to diffuse as widely and 
cheaply as possible, amonff all classes, a knowledge of the elementary facts of 
Preventive Medicine, and the bearing^ and applications of the latest and best re- 
searches in every branch of Medical and Hygienic Science. They are intended to 
teach people the principles of Health, and how to take care of themselves, their 
children, pupils, employes, etc. 

Handsome Cloth Binding, 50 cents, each. 

Sent, postpaid, upon receipt of price, or may be obtained from any book store. 



HEARING, AND HOW TO KEEP IT. With Illustrations. By Chas. H. 
Burnett, m. d., Aurist to the Presbyterian Hospital, Professor in the Phila- 
delphia Polyclinic. 

LONG LIFE, AND HOW TO REACH IT. By J. G. Richardson, m. d.. 
Professor of Hygiene in the University of Pennsylvania. 

THE SUMMER AND ITS DISEASES. Bv James C. WiLsoh, m.d.. 
Lecturer on Physical Diagnosis in Jefferson Medical College. 

EYESIGHT, AND HOW TO CARE FOR IT. With Illustrations, By 
Geo. C. Harlan, m.d., Surj|[t^on to the Wills (Eye) Hospital, and to the Eye aftd 
Ear Department, IVnnwNAuiA H^>spiial. 

THE THROAT AND THE VOICE, With Illustrations. By J. SoLl3 
CoHKN, M !>.. l-^'^(vnv» *MX iV\'>A>^*> oX the Throat in Jefferson Medical College, 
Philadol|>hia, etc. 

THE WINTER ANft \TSi PANQERS. By Hamilton Osgood, m. d., 

of Boston, Kditorifil ><*.^ ^ii,'»u^^» .Vfi^kul and Surgical Journal. 

THE MOUTH ANt> W^ T*^J^TH. With Illustrations. By J. W.White, 

M.D., D.i>.s., of r>>i}!<ty^3f»*>- V lF^*.*iwr of the Dental Cosmos. 
BRAIN WORK At^V> vW'JP^KWORK. By H. C. Wood, Jr., m.d., Qinical 

Professor of NVnv>f»«. ^*»,s.v.to<;.-* lu the I'uiversity of Pennsylvania. 

OUR MOM4£S. ^X'?r>> V''-*'^MAU<>u:i. By Hknky Hartshorns, m.d., of Phila- 
delphia, formfHv 'PiV'fJ^t'N^ ^ Hviiicue iu the University of Pennsylvania. 

THE SKIN IH tt1^:M «i^ AND DISEASE. By L. D. Bulkley, m.d., of 

New York. r>\ysK^«nn \t tK ^»iit" l>«;partment of the Demilt Dispensary and of 
the New York Hovf^' 
SEA AtR AfW 1^^:X V^WttlNO. By John H. Packard, m.d., of Phila- 
delphia, S\n'>jyv»n tA rVf TV**^*»\^i"^«*wiu auU to St. Joseph's Hospitals. 
SCHOOL AWI> Ht^^NV^K^UL HYGIENE. By D. F. Lincoln, m.d., of 
Boston, l>»airmjw '*S«r*» V**v**i \>i Hvahh, American Social Science Association. 
" t'^ftoh \v»lnit«r t*>^ tV ' V^'-i^^V**^ H<;ulth Primers* The Inter-Ocean has had the 
ple.'tsutr tvt t-oynTVS^trv* V^. >^<ri'L ^ACtical teachings, learning and sound sense, 
tlirse \"»Mnmes mt >^^T>\\ V^. '^^ -^v vv»ajipliments they have received. They teach 
wlim every man rtn<^ vsN^rftSf vV.kiilU kus>w,aud yet what nine-tenths of the intelligent 
•Innncs are iirrtoraYM tH r-x ^^ V^v K^\«J but a smattering knowledge of." — Chicago 
*^**rr Ocran. 
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CHEMISTRY AND PHYSICS. 

HICHTER'S INORGANIC AND ORGANIC CHEMISTRY. 

Inorganic Cltemislry, a Text-book for Students. By Pkof. Victor 
VON RrcHTER, Univeraitj of Brealiiu. Second American froiu 
Fourth German Edition. Authorized Translation. By Edgar 
F. SsnTii, M.A., PH.D., Prof, of Chemistry, Wittenbci^ College, 
formerly in the Laboratories of the University of Pennaylvunia. 
With 89 lUus. and a Colored Pliite of Spectra. 12rao. Cloth, S2.00 
S®- This Edition lias been thoroughly revised, in many parts rewritten, , 
and 19 handsomely printed. 

tyam F. A. OaiOi, Prof, of CUnibDi/.iud F, A. a™Oi,Jr., Ati'lProf. nf Olumtlr!, Vnbvriilt afPtm- 

" WaliHTH wajn^aed with much caralhe MDorgantD QiemEAIry ' of Prof, V[cIottud Richtar, rt- 

cleamnd DomprafaeiisiVB muiDer th&tit Lag faecoma oba uf tha LimJlng 1iii(-Ekw1ib Torn ITdinirn^ 

au.j hslpto fBclUlsU tlie Btudyaf ;:heniiBlr/liiIhl>coun[ry." 

Ftam Prof B. SiUlnuH. Tufa Oollrgt, Kta Baeai, Cbwi.— It \i dtvldsdly a good boQk, and (o goma 
nvpactd tile bvflt mniinnL wfl hitv4." 

tnm Prot. A. A. BwhikU, Ohivao VninrtUf. — - 1 urn titlgflcd tbis wirli: li Ihfl best that I bsie yet 
eneo, HTid IbAt H wjllln a blgb degreo niUbe wmt." 



BY THE SAME A 

CHEMISTRY OF THE CARBON COMPOUNDS, or. 

Organic Chemistry ; a complete Text-braok and Laboratory Guide 
for Students. Authorized Translation from the Fourtli German 
Edition. Illustrated. Cloth, 13.00 ' 

RicitTER'8 ChBmiSTKY m rEcommcniJed at a number of prominent 
Schools and Colleger. Complete I>escrip.ir>e drcalai'a sent free, upon 
application. 
BLOXAM. CHEMISTRY; Inorganic and Organic, Fifth Edition. 
With Experiments. By Charles L. Bloxau, Profeesor of Chem- 
istry in King's Colle<,'e, London, and in the Department for Artillery 
Studies, Woolvfioli. Fifth Edition. With nearly 300 Engravings. 
Cloth, *3.75 ; Leather, $4.75 
BLOXAM'S LABORATORY TEACHIN&. Fourth Edition. 

Progressive Exercisea in Practical Chemistry, By Charles L, 

Bloxam, Professor of Chemistry, in King's College, I^iOndon, etc. 

Fourth Edition. With 89 Engravings. 12mo. Clot b, SI. 76 

For Students eommeocing the study of Practical Chemistry. It 



1, A series of Binii>le Tables for the analysis of unknown substan- 
ces of all kinds, and for the dctectiiin of unknown substances with . 
the aid of the Blowpipe. '2, A brief description of al! Che practically 
important single substances likely to be met with in ordinary analy- 
sis. 3. Simple directions and illustrations relating to Chemical ^ 
Manipulation. 4. Short instructions upon the purchase and prepa- 
ration of tbe tests. 
STUDENT'S MANUAL OF PHYSICS, 

BySYLVANua P. Thompson, b.a. d.b.c, f.k.A.s., Professor of 
Experimental Physics in University College, Bristol. Prepairing. 



p. BLAXI3T0N, BOX A CO.', 
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■ "WATTS' MANUAL OF CHEMISTRY. 

Physical and Inorganic. By Henkt Watts, b.A.. F.k.s., Edifor 
of the Journal of the Chemical Sociely ; Author of " A Dictiunary 
of Chemistry," etc. With Colored plate of Spectra and 150 otiaer 
mustratiDQB. 12mo. 595 pages. Cloth, i-2.25 

con.enienHy llr™S^."_0*^ii/!iS:.. "* '''"'° ^ " ™ " "'"* ""' '"^' ^ "" 

STAMMER. CHEMICAL PROBLEMS. 

By Karl Stammer, Translated from 2d German Edition, with 

I explanation a Rnd aoBwerg added, by Prof. W. S. Hobeinson, a.m., 
Wittenberg College, Springfield, O. 12mo. Cloth, .75 

VAI 
BUT' 
i 
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I VALENTIN. QUALITATIVE CHEMICAL ANALYSIS. 

By Wm, G. Valentin, r.c.a. Revised and edited by W. R. 
HoDGKiNSON, pn.D., ProfeBsor of Cliemietry, Royal Military Acad- 
emy, and H. M. Chapman, Aaaistant Demonstrator of Chemistry, 
South Kensington, Sixth Edition. Witii numerous Tables, Map 
of Spectra and other Illustrations. Octuvo, Cloth, 13.00 

UTTON'S SYSTEMATIC HANDBOOK OF VOLUMETRIC 
ANALYSIS ; or, the Quantitative Estimation of Chemical Sub- 
stances by Measure, applied to Liquids, Solids, and Gases. Adapted 
to the requii-ementa of Pure Chemical Beseareb, Pathological Chem- 
istry, Pharmacy, Metallurgy, Manufacturing Chemistry, Photo- 
graphy etc., and for the Valuation of Substances used in Commerce, 
Agriculture, and the Arts. By Francis Stjtton, F.c.a., f.lc. 
Public Analyst for the County of Norfolk. Fourth Edition. Re- 
vised and Enlarged. With 83 Engravings. Octavo. Cloth, $5.00 
tALLEN. COMMERCIAL ORGANIC ANALYSIS. 

A Treatise on the Modes of Assaying the Various Organic Chemi- 
cals and Products employed in the Arts, Manufactures, Medicine, 
etc., with Concise Methods for tlie Detection of Impurities, Adul- 
terations, etc. Second Edition. Revised, enlarged and rearranged. 
By Alfred Allen, f.c.b. 

Vol. L Alcohols, Ethers, Vegetable Acids and Fibres, Stitrch and 
itslsomera, etc. Cloth, $4.50 

Vol. II. Fixed Oils and Fats, Hydrocarbons and Mineral Oils, 
Phenols aiid their Derivatives, Coloring Matters, etc. In Press. 

Vol, III. Cyanogen Compounds, Alkaloids, Aninaal Pi'oducts. etc, 

»»■ Stndfsr Sptdat Hrcnfor of AOen'l Oammerdal Organia itnuVrii. In pTSSS. 

LEFFMANN. ORGANIC AND MEDICAL CHEMISTRY. 

A Compend of Organic Chemistry, including Medical Chemistiy, 
Urine Analysis and the Analysis of Water and Food. By Henry 
Leffmann, m.d.. Professor of Chemistry. Pennsylvania College 
of Dental Surgery, Demonstrator of Chemistry at the Jefferson 
Medical College, Philadelphia. l-2nio. 

Cloth, $1.00 ; Interleaved for the addition of Notes, $1.25 

TIDY'S HANDBOOK OP MODERN CHEMISTRY. Organic and 

Inorganic. By C. Meymott Tidv, m.d. Svo. Cloth, $5.00 



fTARD'S COMPEND OF INORGANIC CHEMISTRY. Revised Ed. 
By G. Masoh Wahd, scd.. Demonstrator of Cliemiatry in Jeffer- 
son College, Philadelpliia. Containing a Table of Elements and 
Tables for the Detection of Metals in Solutions of Mixed Sub- 
stances, etc. ISmo. 

Cloth, $1.00 ; Interleaved for addition of Notes, $1.25 
KWOLFF. APPLIED MEDICAL CHEMISTRY. 

By Lawrence Wolff, m, d.. Demonstrator of Chemistry in 
Jefferson Medical College, Ph ladelphia. In Press. 

BOWMAN. PRACTICAL CHEMISTRY. 

Including Analysis, witli about 100 Illustrations, By John E. 
Bowman. Eigbtb English Edition. Revised by Prof. Bloxam, 
Professor of Chemistry, King's College, Loudon, CloLh, $2.00. 

MUTER'S MEDICAL AND PHAHMACEUTICAL CHEMISTRY. 
Part One.— Theoretical and Descriptive. Part Tivo.— Practi- 
cal and Analyticul. By John Muter, m.d. A Second Edition, 
Enlarged and Rearranged. The Two Parts bound in one larjjie 
octavo volume. Cloth, $6.00 

Part Two. — Practical and Analytical. Bound Separately, for the 
Special Convenience of Students. Large 8vo. Cloth, $2.50 

FRANKLAND'S HOW TO TEACH CHEMISTRY. 

Six Lessons to Science Teachers. Second Edition. Edited by 

G. G. Chaloner, f.C.B. Illustrated. In Press. 

BARTLEY. MEDICAL CHEMISTRY. A Text-book for Medical 

ami Pharmaceutical Students. By E, H, Babtlby, m.d., Asso- 

ciiite Professor of Chemistry at the Long Island College Hospital, 

President American Society of Public Aualyats, With over 40 

Illnstrations. 12mo. Cloth, $2.50 

TRIMBLE, PRACTICAL AND ANAJ.YTICAL CHEMISTRY 

Being a complete course in Chemical Analysis. By Henry 

Trimble, pii.b,, Professor of Analytical Chemistry in the Phila- 

delphia College of Pharmacy. Hlustrated. 12mo. Cloth, $1.51) 

TECHNOLOGICAL BOOKS. 

THE BREWER. DISIILLER AND WINE MANUFACTURER. 
Giving full Directions for the Manufai:tute of Beers, Spirits, 
Wines, Liquors, etc., etc. A Handbook for all interested in the 
manufacture and sale of Alcohol and Its Compounds. Edited by 
JoHH Gahdnbh, p.cs.. Editor of "Cooley's Cyclopedia" and 
" Beasley's Druggists' Receipt Book." Illustrated. Cloth, $1,75 

BLEACHING, DYEING AND CALICO PRINTING. 

With Formulae, a Chapter on Dye Sluffs. By John Gardxer, 
F.c.s. With Illustrations. l-2mo. Cloth, $1.75 

ACETIC ACID, VINEGAR, ALUM, AMMONIA; ETC. Their 
Manufacture,^ etc. Edited by Joun Gardner, f.i.c, f.c.s,, 
assisted by Experts having Practical Knowledge of the Subject 
treated. Cloth, $1.75 



^tojESSE, THE MANUPACXrRE OF PERFUMERY. 4th Edition. 
^V The Art of Ferfumery; or tlie Methods of Obtaining the Odora 

^H of Plants, and Instruction for the Manufacture of Perfumery, 
^H Dentifrices, Soap, Scented Powders, Odorous Vinegars and Sails, 
^r Sniiff, Cosmetics, etc., etc. By G. W. Septimus Pi esse. Fourth 
^ Eiiition. Enlarged. 3B6 Eliistrations. 8vo. Cloth, fo JO 

OVERMAN'S PRACTICAL MINERALOGY. 

Mineralogy, Assaying, and Mining, with a Description of the 
XTaefiil Minerals, etc. By Frederick Overman, Mining Engineer, 
i Eleventh Edition. 12mo. Clotb, $1.00 

tiGGOTT, ON COPPER. 

Copper Milling and Copper Ore. "With a full Description of the 
Principal Copper Mines of the United States, the Art of Mining, 
etc. By A. Snowjjen Piggott. 12mo. Cloth, $1.00 

PHARMACY AND BOTANY. 

KEASLET'S BOOK OF THREE THOUSAND PRESCRIPTIONS. 
Containing over 3100 PrescriptiooB, collected from the Practice of 
the most Eminent Physicians and Surgeons— English, French and 
American ; a Compendious History of the Materia Medica, Lists 
of the Doses of all Officinal and Established Prepnratioos, and an 
Index of Diaenses and their Bemedies. By Henry Beaslby. 
Sixth Edition, Revised and Enlarged. Cloth, $-2.25 

BEASLEY'S DRUGGISTS' GENERAL RECEIPT-BOOK. 

Comprising a eopioua Veterinary Fortnulary ; numerous Recipes 
in Patent and Proprietiiry Medicines, Druggists' Nostrums, etc. ; 
Perfumery and Cosmetics ; Beverages, Dietetic Articles and Condi- 
ments ; Trade Cliemicjila, Scieatitic Processes, and an Appendix of 
Useful Tables. Eighth Edition. Cloth, ^26 

BEASLEY'S POCKET FORMULARY AND SYNOPSIS OP THE 
BRITISH AND FOREIGN PHARMACOPOEIAS. 

Comprising Standard and Approved Formulse for the Preparationa 
and Compounds Employed in Medical Practice. Tenth Edition. 
All pp. 18mo. Cloth, $2.25 

t&CKIGER'S CINCHONA BARKS. 

Their History, Botanical and Chemical Characters, Their Uses 
In the Manufa^Jture of Quinine, etc., etc., with 8 beautifully exe- 
cuted full-page Lithographic plates, accompanied with explanations. 
By Professor Fbiedrich FLiicKiaBR, of Strasburg. Translated 
by Frederick B, Power, fh.d., formerly Professor of Chemistry, 
Philadelphia College of Pharmacy, now Professor of Materia Medica 
and Pharmacy, University of Wisconsin. With 8 LithogrEipbic 
Plates. Royal Octavo. Cloth, $1.50 
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OEJfERAL AND SCIENTIFIC BOOKS. 



»SWERINGEN'S DRUGGISTS' EEADY REFERENCE BOOK. 

^H A FliannaceuticBl Lexicot) or Dtctionary ot! Pharmaceutical 

^H Science. Cuntaining explanations of the various suhjects and 

^H terma oC Phflrmacy, with appropriate aelectiona from the Collateral 

^H Sciences. Formulie for Offlcinal, Empirical, and Dietetic Frepara- 

^V tions, etc., etc. By Hiram V. Sweringen, m.d. Svo. 

■ Cloih, $3.00 ; Leather, $4.00 
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BENTLEY AND TRIMEN'S MEDICINAL PLANTS. 

Price Reditoed. — 7n order to bring this Vtd-uable Work more within tie 
reach of Pharmacists, the publishers have determined to reduce the price to 
tl.eOpn- part, in place of $2.00, the old guhscrtption price, andSTS.OO 
compldf, in 4 Vols., half morocco, itplace o/$90.00. 

Containing full bottiDical descriptions, with an acconnt of the 
properties and uses of the principal plants employed in mediuine, 
especial attention being paid to those which are ofGciiial in tlie 
British and United Slates Pharmacopoeias. The plants which supply 
food and substnnces required by the sick and convalescent are also 
included. By R. Bentlet. f.r.s., Professor of Botany, King's 
College, London, and H, Trimen, m.d., f.h.s.. Department of 
Botany, British Museum. Each species illustrated by a colored 
plate drawn from nature. In Forty-two parts. Eiffht colored plates 
in each part. Price $1.50 each, or handsomely bound in 4 volumes, 
Half Morocco, $75.00 

Loudaa PharmnerHtical Jimniat. 

"Tbis wnrk nmr bet nHruinnieDdejl u a tdhI naeful gnfl la dra^giatB, und hll wbo defli» to bu 
fsmillu Willi IhB Botaoj at Medldnal PlKnla."— Dm^jjirti' HraiJiB-. 

BIDDLE'S MATERIA MEDICA. Ninth Edition. 

Materia Medica. For the Use of Students and Pliysicians, By 
the late Prof. John B. Biddle, m.d., Professor of Materia Medica 
in .Jefferson Medical CoUege, Philadelphia. The Ninth Edition, 
thoroughly revised, and in many parts rewritten, by his son, Clem- 
EsjT BiDDLE, M.D.. Assistant Surgeon, U. 8. Navy, assisted by 
Henry Morris, m.d. Containing all the ailditions and changes 
made jn the hist revision of the United States Pharmacopreia, 
The Botanical portions have been curtailed or left out, and the other 
sections, on the Physiological action of Drugs, greatly enlarged. 
Octavo. Cloth, $4.00 ; Leather, JM.75 

slrendy ID nBshil a work, bulti'lo the Mudaat nod fUjii<^iim."—Pkila. Mialiail iiHdliunjUi:il Hipo'ia, 
andj'el.ufDplentlyoomprehsiulTH. Blast]' ■ ■ • ■ - 

u U> illii»ung« Anil oan™ M^.""?]Thu It la Impowlbk ._. 

thl' short IllDB befora blni."— 6l. Lmiil JUnUcal unci Uvrjiical JaHmal. 
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■PROCTER'S LECTURES ON PRACTICAL PHARMACY. 

By Prof. Bernard S. Procter. Secoiirt Edition, with addi- 
tions and correctioDB. 44 Wood Engraviogs and 32 Fac-simile 
Prescriptions. Octavo. Cloth., (1.60 

BOBEHTS' MATERLi MEDICA AND PHARMACY. 

Conlaining many Valualile Tables. Direetiona for Preparing, 
■with the Coiiatituenta of, numerous Modern and Useful Prepara- 
liona. Extracts, etc., etc. By Fredekick Roberts, Examiner of 
Materia Metlica and Pharmacy in the University of London, etc., 
etc. 12mo. ' Cloth, $2,00 

MERRELL'S DIGEST OF MATERIA MEDICA AND PHAR- 
MACY. 

Forming a complete Pharmacopoeia for the Use of Physicians, 
Druggists and Students. By Albert Merreli., m.d,, Member of 
the State Board of Health of Missouri ; Professor of Chemialry, 
Pharmacy and Toxicology in the American Medical College. St. 
Louis. Octavo, 512 pages. Half dark Calf, Red edges, $4.00 



Including tlie Outlines of Materia Medica and Therapeutics ; for 
the Use of Practitioners and Students of Veterinary Medicine. 
By Richard J. Tuson, Professor ot Chemistry, Materia Uedica 
and Toxicohigy, at the Royal Veterinary College of England. 
Third Edition. Cloth, 12.50 

TEREIRA'S PHYSICIANS' PRESCRIPTION BOOK. 16th Edition. 

Containing Lists of Terms, Piirases, Contractions and Abhrevia- 
tions used fii Pri' script ions, Explanatory Notes, Grammatical Con- 
atruction of I'lvseriptions, Rules for the Pronunciation of Phai-ma- 
ceutiutO TvMiHS, etc. By Jonathan Pereiba, m.d. Sixteenth 
Edition. Cloth, $1.00 ; Leather with Tucks and Pockets, $1.25 

OLDBEltd. IMiKsCHlPTION BOOK. 300 New Prescriptions. 

Tlii'.T Hmii>1iv,| riv-criptions, Selected Chiefly from the Best Col- 
leciiouH "I r.iiniil.i- iisi-ii in Hospital and Out-patient-praolice, with 
a Diw 'I'.iIm', Lii,l :i <.;l 11 [iplete Account of the Metric System. By 
OscAH )'i I'lii i:ii, T'HATt.D., Late Medical Purveyor, United States 
Marinn llcimiital Service; Professor of Materia Medica, National 
College of Pharmacy, Washington, D, C. ; Member of the American 
I'harmoceutic-Rl Association, and of the Sixtli Decennial Committee 
of Revision and Publication of the Pharmacopoeia of the United 
Mliites. 12mn. Paper Covers, ,75 ; Cloth, $1.36 

The prescriptions given in this work are selected from the Pharma- 
ei'im'iiis and formularies of the great Hospitals of New York, Phila- 
""'I'Ma, Boston and London, or contributed from tlie practice of 
"'"tlic^ul officers of tlie United States Service. The Dose Table in- 
,,'"'•'» ncarlv all of ilie remedies that have a place in the current 
'aaUria Medica. 



WYTHE'S DOSE AND SYMPTOM BOOK. Eleventh Edition. 
[ The Physician's Pocket Dose and Symptom Book. Containing 

■ the Doses and Uses of all the Principal Articles of the Materia 
W Medica, and Original Preparations. Eleventh Eevised Edition. 
P Cloth, SI.OO ; Leather, with Tucks and Pocket, $1.25 

"TUs chaplar on Dietatle Pn-pB»tloin »111 bo fonnd uBeful to iin procllclne phjaiciana, moflt of 






""Ui>n/(Ll]aid-waTkiHlpr«:tiM^ii>-nriU find it ■ umrul I 
Cmiula Medical imd Snrgiml Jcvnal 

, A rHAEMACOPfEIA OF SELECTED REMEDIES, with Thera- 



peutic Annotations, Hotea on Alimentation in Disease. Air, Mas- 
saj?e. Electricity and other Supplementary Remedial Airents ; and 
a Clinical Index ; arranged as a Handbook for Prescribers. By 
Edbiund a. Kihbt, M.D. Sixth Edition, Revised and Enlarged. 
"With lUustrations. Cloth, $2.25 
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H| BY TLIE SAME AUTHOR. 

Vox THE VALUE OF PHOSPnORUS AS A REMEDY FOR LOSS 
OF NERVE POWER, MELANCHOLIA, NEURALGIA and 

other Functional Disorders of tlie Nervous System induced by 
Overwork and the Exigencies of Modern Life. With Formulee and 
Directions for Treatment. Fifth Edition. Octavo. Boards, $1.00 
TANNERS' MEMORANDA OF POISONS and their Antidotes and 
Tests. Fifth American, from the Last London Edition. Revised 
and Enlarged. Cloth, ,75 

This most complete Toxicolosical Manual should he within reach 
of all physicians and pharmacists, and aaan ndditiontoevery femily 
library, would be the means of saving life and allaying pain when 
the delay of sending for a physician would prove fatal. 

PHYSIOLOGY. 

YEO'S MAi'UAX, OF PHYSIOLOGY. 

A Text-book for Students. By Gekald F. Yeo, m.d., f.k.c.s.. 
Professor of Physiology in King'x College, London, With over 300 
carefullv printed lllustrationB and a Complete Glossary and Iiides. 
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Drugs. Second Edition. Cloth, .50 
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G. Wright, m.d. 12mo. Cloth, .50 

Mackenzie on hay fever, its Etiology and Treatment. 
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Rare Cases, embracng Semeiology, Diagnosis, Frognosia, Surgeiy, 
Therapeutics, Detection of Poisons, Hygiene, etc., of the Horse. 
New Revised Edition. 18mo. ClnLh, |L2j 
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IMILLER, on ALCOHOL. 
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fUZARS, ON TOBACCO. 
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\ ACTON. THE REPRODUCTIVE ORGANS. 

Tlie Functions and Disorders of the Reproductive Organs in 
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College of Physicians, Loudon. 12mo. Cloth, $1.00 
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FRANKLAND'S WATER ANALYSIS, 
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" Dr. Wilson is favorably known as one of the leading American writers on hygiene and public 
health. The book deserves popularity." — Medical and Surgical Reporter. 

" Attention to its teachings may save much disease and perhaps many lives." — Oindnnati Oazette. 

** Will be sure to be a harbinger of good in every family whose good fortune it may be to possess a 
copy." — Builder and Wood Worker. 
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WiCKES, A.M,, M.D. Octavo. Cloth, $1.50 

Introduction. History of Sepulture. Ancient Customs and Methods. Sepulchres. Interments 
Among the Greeks. Customs Among the Romans. Persian Burial. North American Indian Burial. 
Early Christian Burinl. Animal Putrescence. Malignant Disease fh>m one Corpse. Saturated ijoil 
of a Graveyard Disturbed. Intra- Mural Interment in the United States. Tellow Fever. Asiatic 
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AND DISEASE. 
A Boole for Mothers. By Mrs. Amib M. Hale, m, d. Abound- 
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